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NOVEL NANOCOMPOSITES AND THEIR APPLICATION 
AS MONOLITH COLUMNS 

Background of the Invention 

Packing materials for liquid chromatography (LC) are generally classified into 
two types: organic materials, e.g., polydivinylbenzene; and inorganic materials 
typified by silica. Many organic materials are chemically stable against strongly 
alkaline and strongly acidic mobile phases, allowing flexibility in the choice of mobile 
phase pH. However, organic chromatographic materials generally result in columns 
with low efficiency, leading to inadequate separation performance, particularly with 
low molecular-weight analytes. Furthermore, many organic chromatographic 
materials shrink and swell when the composition of the mobile phase is changed. In 
addition, most organic chromatographic materials do not have the mechanical strength 
of typical chromatographic silicas. 

Due in large part to these limitations, silica is the material most widely used in 
High Performance Liquid Chromatography (HPLC). The most common applications 
employ silica that has been surface-derivatized with an organic group such as 
octadecyl (C, 8 ), octyl (Q), phenyl, amino, cyano, etc. As stationary phases for HPLC, 
these packing materials result in columns that have high efficiency and do not show 
evidence of shrinking or swelling. 

However, a further problem associated with silica particles and polymer 
particles is packed bed stability. Chromatography columns packed with spherical 
particles can be considered to be random close packed lattices in which the interstices 
between the particles form a continuous network from the column inlet to the column 
outlet. This network forms the interstitial volume of the packed bed, and acts as a 
conduit for fluid to flow through the packed column. In order to achieve maximum 
packed bed stability, the particles must be tightly packed, and hence, the interstitial 
volume is limited in the column. As a result, such tightly packed columns afford high 
column backpressures that are not desirable. Moreover, bed stability problems for 
these chromatography columns are still typically observed because of particle 
rearrangements. 

A trend in current HPLC development is the miniaturization of column 
diameters that is driven by the often limited amount of samples originating from such 
areas as the life sciences. For mini- and microbore columns as well as capillary 
columns, the trade-off between particle size and backpressure becomes even more 
pronounced. For example, MacNair et afi" required specifically designed hardware 
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that enabled an operating pressure as high as 500 MPa in order to achieve a HPLC 
separation ofatrypticdigestina25cm long capillary column packed with 1 pm silica 
particles. The pressure is one order of magnitude higher than the typical 40 MPa 
limitation of a commercial HPLC system. 

In an attempt to overcome the combined problems of packed bed stability and 
high efficiency separations at low backpressures and high flow rates, several groups 
have reported the use of monolith materials in chromatographic separations. Monolith 
materials are characterized by.a continuous, interconnected pore structure of large 
macropores, the size of which can be changed independent of the skeleton size 
without causing bed instability. The presence of large macropores aUow liquid to 
flow directly through with very little resistance resulting in very low backpressures 
even at high flow rates. 

Monolith columns have been designed to disobey the trade-off rule associated 
with packed particle beds. Theoretically, they can exhibit combined properties of low 
backpressure and high efficiency that go beyond the limits of packed particle columns 
in pressure-driven liquid chromatography. Capillary monolith columns comprising 
polymeric, inorganic silica and organic-inorganic hybrid materials have been studied 
and reported in the literature.* 2 ' 3 > The polymeric monoliths are made primarily via a 
radical polymerization of methacrylate or styrene-divinylbenzene(DVB) monomers 
and are used under electroosmotic flow in electrochromatography applications and 
low pressure pump driven applications because of their limited mechanical strength 
under high pressure. 

Silica monoliths have also been applied in HPLC separations by Nakanishi et 
al and have demonstrated an efficiency similar to 5pm particles but with permeability 
25-30 times higher. (3 > However, due to the shrinkage of the silica skeleton, silica 
capillaries with an ID. larger than 50 pm showed much lower efficiency, and in all 
cases 5-15% of the length of each capillary end had to be cut off to remove large voids 
caused by shrinkage that formed between the monolith and capillary wall before the 
capillary could be used. 

In another publication, Nakanishi demonstrated the possibility of making a 
capillary column of 200pm internal diameter (ID.) from a mixture of 
tetramethoxysilane and memyltrimethoxysilane. (4) However, these hybrid-type silica 
monoliths capillaries still had large voids caused by shrinkage that formed between 
the monolith and capillary wall and required cutting of 5-15% of the length of each 
capillary end before use. The hybrid-type silica monolith also had a three-fold increase 
in separation impedance versus the analogous silica monolith column of 50 pm I.D. 
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Polymeric capillary monolith columns prepared by a UV polymerization of (3- 
memacryloxypropyl)trimethoxysilane were first reported by Zare et al. in 2001 .« The 
elation order of the Zare column is similar to that of a reversed-phase column where 
larger molecular weight or more hydrophobic analytes elute later than the smaller 
molecular weight or more hydrophilic analytes, indicating that the polymerized 
methylacrylate groups are located on the surface of the monolith structure. Although 
Zare's work has been successfully applied in electrochromatography, poor column 
efficiency, poor adhesion between the capillary wall and the monolith structure, and 
inhomogeneity of the monolith structure were observed in pressure driven 
separations.^ Moreover, as a consequence of the utilization of photopolymerization 
rather than thermal polymerization, the polyimide coating of the glass capillary must 
be removed prior to use. This unprotected fused silica tubing becomes very fragile 
and is easily broken. Therefore, only columns with a limited length can be prepared 
by this method. 

Current monolith columns have significant shrinkage, resulting in poor wall 
adhesion, and consequently, only columns with an ID. of less than 150 urn have been 
prepared. Therefore, a need exists for novel materials that overcome the problems 
that are associated with known materials. In particular, there is a need for monolith 
materials with increased resistance to shrinkage and enhanced wall adhesion that can 
be used to prepare chromatographic columns with an I.D. of 150 nm and greater. 



Summary of the Inventinn 

The present invention provides novel hybrid inorganic/organic materials and 
methods for their preparation. In particular, the invention provides nanocomposite 
monolith materials having increased resistance to shrinkage and novel physical 
characteristics. The nanocomposites of the invention have enhanced capillary wall 
adhesion as compared to prior art monolith materials. The improved adhesion of the 
monoliths of the invention enables the preparation of capillary columns with an 
internal diameter (I.D.) £1 50 um. 

Accordingly, in one aspect, the invention provides a hybrid inorganic/organic 
material comprising a polymerized scaffolding nanocomposite (PSN), wherein the 
nanocomposite contains a scaffolding functionality capable of chemically interacting 
with a surface of a second material. «• 

In another aspect, the invention provides a hybrid inorganic/organic monolith 
comprising a polymerized scaffolding nanocomposite (PSN), wherein the 
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h»h H Ad<li ' i0n ? 1 ^ PreSent ' nVe, " i0n Provides a ^ftod of prepanuion of a 
^™^c m o n oli fl ,co m pn singapolymeri2edsca ^ ^ ° n ° fa 

a) forming a sol-gel by the reaction of two or more monomers; 

b) initiating a polymerization reaction; and 

roacooof " polymeria sol-ge, (PSG) 

thereby preparing the hybrid inorgamc/orgamc monolith 

ff SN), wherenr the nanocorepoaire contains a scaffolding mnctiolmy c^Tof 
^-^^^eofa^n^a.,^^^ 

a) forming a sol-gel by the reachon of two or more monomers; 

b) initialing a polymerization reaction; 

re ac^ ) r^ &em ™ to ^^ a ^^^'ffSG) 

d) modifying the pore structure of the material, 
thereby preparing the hybrid inorganic/organic monolith. 

hi yet another aspect, the invention provides a separations device comprising 
a) a surface capable of accepting a monolith material comprisine a 

pol^enzedscaffoldingnanocomposite'oPSN) material, said suxface'Zrisl an 
anchonng functionality and comprising an 

„ J? ^^""^'^^"■'oBaeomprismgapolymerized 
scaffolding nanocomposite (PSN), wherein me nanocomposite 000^?^' 
fhnchonatty capable of chemicany interacting with me albo,^ n^o^ 
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In a related aspect, the invention provides a fused-silica capillary column, 
comprising 

a) a fused-silica capillary column having a cylindrical interior surface 
capable of accepting a monolith comprising a polymerized scaffolding nanocomposite 
(PSN) material, said interior surface comprising an anchoring functionality, and 

b) a hybrid inorganic/organic monolith comprising a polymerized 
scaffolding nanocomposite (PSN), wherein the nanocomposite contains a scaffolding 
functionality capable of chemically interacting with the anchoring functionality on 
said surface, and wherein said hybrid organic/inorganic monolith is anchored to said 
surface by a chemical interaction between said scaffolding functionality and anchoring 
functionality. 

Another aspect of the invention provides a method of in situ preparation of a 
hybrid inorganic/organic monolith in a fused-silica capillary column, said method 
comprising: 

forming an anchoring functionality on an interior surface of said 
capillary column; and 

forming inside said capillary column a hybrid inorganic/organic 
monolith comprising a polymerized scaffolding nanocomposite (PSN), wherein the 
nanocomposite contains a scaffolding functionality capable of chemically interacting 
with the anchoring functionality on said surface, said monolith being formed by: 

a) forming a sol-gel by the reaction of two or more monomers; 

b) initiating a polymerization reaction; and 

c) allowing the monomers to react through a polymerization sol-gel (PSG) 
reaction; 

whereby said scaffolding functionality and said anchoring functionality chemically 
interact to thereby anchor said monolith to said surface, such that a hybrid 
inorganic/organic monolith is prepared in situ in a fused-silica capillary column. 

In another related aspect, the invention provides a method of in situ 
preparation of a hybrid inorganic/organic monolith in a fused-silica capillary column, 
said method comprising: 

forming an anchoring functionality on an interior surface of said 
capillary column; and 

forming inside said capillary column a hybrid inorganic/organic 
monolith comprising a polymerized scaffolding nanocomposite (PSN), wherein the 
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wil^tihe'an'^i^ contains a scaffolding functionality capable of chemically interacting 
withtheanchonngfuncnonality on said surface, said monolith being formed by: 

a) forming a sol-gel by the reaction of two or more monomers; 

b) initiating a polymerization reaction; 

d) modifying the pore structure of the monolith, 
"o^ 

interact to thereby anchor Sai d monolith to said surface, such that a hybrid 

°'asecondmaterial,p^ 

a) forming a sotgel by the reaction of two or more monomers; 

b) initiating a polymerization reaction; and 

reaction^"^ 

3 related * e mventi0 » Provides an inorganic/organic hybrid 

monohth compnsmg a scaffolding functionality capable of chen/caUy inte^tin g with 
a surface of a second material, produced by the process of * 

a) forming a sol-gel by the reaction of two or more monomers; 

b) initiating a polymerization reaction; 

reacdo^ 0 ™* ™ K * ~" " — so,- g e, (PSG) 

d) modifying the pore structure of the monohth. 
ahvbrid^'w"^ 

a hybrid morgamc/orgamc material comprising a polymerized scaffolding 
nanocomposrte (PSN), comprising the steps of 

a) forming a sol-gel by the reaction of two or more monomers; 

b) initiating a polymerization reaction; and 

reactjf * ^ * «"*■»—« so.-ge, (P Se) 
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thereby preparing the hybrid inorganic/organic monolith, wherein the monolith 
contains a scaffolding functionality capable of chemically interacting with a surface of 
a second material. 

In another aspect, the invention provides a method of preparation of a hybrid 
inorganic/organic material comprising a polymerized scaffolding nanocomposite 
(PSN), comprising the steps of 

a) forming a sol-gel by the reaction of two or more monomers; 

b) initiating a polymerization reaction; 

c) allowing the monomers to react through a polymerization sol-gel (PSG) 
reaction; and 

d) modifying the pore structure of the material, 

thereby preparing the hybrid inorganic/organic material, wherein the nanocomposite 
contains a scaffolding functionality capable of chemically interacting with a surface of 
a second material. 

Yet another aspect of the invention provides a capillary column, wherein the 
interior surface of the capillary column is derivatized with a polymerizable anchoring 
functionality. 

Brief Description of Drawings 

Figures J A -ID depict a schematic representation of monoliths made by the 
polymerization sol gel (PSG) reaction. Figure 1A depicts examples of hybrid and 
inorganic monomers in chemical structure and schematic form. Figure IB is a 
schematic depiction of hybrid and inorganic monomer hydrolysis and oligomerization. 
Figure C is a simplified depiction of the PSG reaction to form a cross-sectional block 
of polymerized scaffolding nanocomposite material. Figure D is a simplified cross- 
sectional view of the PSN material, including expanding views of the PSN material. 

Detailed Description of the Invention 

The present invention provides novel hybrid inorganic/organic materials, and 
methods for their preparation. In particular, the invention provides nanocomposite 
monolith materials having increased resistance to shrinkage and novel physical 
characteristics. The nanocomposites of the invention have enhanced capillary wall 
adhesion, as compared to prior art monolith materials. The improved adhesion of the 
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monoliths of the invention enables the preparation of capillary columns with an 
internal diameter (LD.) >150 um. 

In an advantageous embodiment, the invention provides novel, 
inorganic/organic monolith materials inside a fused silica capillary column In 
accordance with this embodiment, the monoUths of the invention are prepared in situ 
ms,de a surface-modified fused silica capillary column through simultaneous organic 
polymerization and sol-gel reaction of a silane mixture that has an organosilane 
monomer containing at least one organic polymerizable group, such as, e.g., (3- 
methacryloxyproply)trimethoxysilane. 



Definitions 



These and other embodiments of the invention will be described with 
reference to following definitions that, for convenience, are collected here. 

The term "alicyclic group" includes closed ring structures of three or more 
carbon atoms. Alicyclic groups include cycloparaffins or naphthenes that are 
saturated cyclic hydrocarbons, cycloolefins which are unsaturated with two or more 
double bonds, and cycloacetylenes which have a triple bond. They do not include 
aromatic groups. Examples of cycloparaffins include cyclopropane, cyclohexane, and 
cyclopentane. Examples of cycloolefins include cyclopentadiene and 
cyclooctatetraene. Alicyclic groups also include fused ring stmctures and substituted 
alicyclic groups such as alkyl substituted alicyclic groups. In the instance of the 
alicyclics such substituents can further comprise a lower alkyl, a lower alkenyl a 
lower alkoxy, a lower alkylthio, a lower alkylamino, a lower alkylcarboxyl, a nitre a 
hydroxyl, -CF 3 , -CN, or the like. 

The term "aliphatic group" includes organic compounds characterized by 
straight or branched chains, typically having between 1 and 22 carbon atoms 
Aliphatic groups include alkyl groups, alkenyl groups and alkynyl groups. In complex 
structures, the chains can be branched or cross-linked. Alkyl groups include saturated 
hydrocarbons having one or more carbon atoms, including straight-chain alkyl groups 
and branched-chain alkyl groups. Such hydrocarbon moieties may be substituted on 
one or more carbons with, for example, a halogen, a hydroxyl, a thiol, an amino an 
alkoxy, an alkylcarboxy, an alkylthio, or a nitro group. Unless the number of carbons 
is otherwise specified, "lower aliphatic" as used herein means an aliphatic group as 
defined above (e.g., lower alkyl, lower alkenyl, lower alkynyl), but having from one to 
six carbon atoms. Representative of such lower aliphatic groups, e.g., lower alkyl 
groups, are methyl, ethyl, n-propyl, isopropyl, 2-chloropropyl, n-butyl, sec-butyl 2- 



8 



WCZ-040-1 



aminobutyl, isobutyl, tert-butyl, 3-thiopentyl, and the like. As used herein, the term 
"nitro" means -N0 2 ; the term "halogen" designates -F, -CI, -Br or -I; the term "thiol" 
means SH; and the term "hydroxyl" means -OH. 

The terms "alkenyl" and "alkynyl" refer to unsaturated abphatic groups 
analogous to alkyls, but which contain at least one double or triple bond respectively. 
Suitable alkenyl and alkynyl groups include groups having 2 to about 12 carbon 
atoms, preferably from 1 to about 6 carbon atoms. 

The term "alkoxy" as used herein means an alkyl group, as defined herein, 
having an oxygen atom attached thereto. Representative alkoxy groups include 
groups having 1 to about 12 carbon atoms, preferably 1 to about 6 carbon atoms, e.g., 
methoxy, ethoxy, propoxy, tert-butoxy and the like. 

The term "alkyl" includes saturated aliphatic groups, including straight-chain 
alkyl groups, branched-chain alkyl groups, cycloalkyl (alicyclic) groups, alkyl 
substituted cycloalkyl groups, and cycloalkyl substituted alkyl groups. In certain 
embodiments, a straight chain or branched chain alkyl has 30 or fewer carbon atoms 
in its backbone, e.g., C r C 30 for straight chain or C 3 -C 30 for branched chain. In certain 
embodiments, a straight chain or branched chain alkyl has 20 or fewer carbon atoms 
in its backbone, e.g., C,-C 20 for straight chain or C3-C20 for branched chain, and more 
preferably 1 8 or fewer. Likewise, preferred cycloalkyls have from 4-10 carbon 
atoms in their ring structure, and more preferably have 4-7 carbon atoms in the ring 
structure. The term "lower alkyl" refers to alkyl groups having from 1 to 6 carbons in 
the chain, and to cycloalkyls having from 3 to 6 carbons in the ring structure. 

Moreover, the term "alkyl" (including "lower alkyl") as used throughout the 
specification and claims includes both "unsubstituted alkyls" and "substituted alkyls", 
the latter of which refers to alkyl moieties having substituents replacing a hydrogen on 
one or more carbons of the hydrocarbon backbone. Such substituents can include, for 
example, halogen, hydroxyl, alkylcarbonyloxy, arylcarbonyloxy, alkoxycarbonyloxy, 
aryloxycarbonyloxy, carboxylate, alkylcarbonyl, alkoxycarbonyl, aminocarbonyl, 
alkylthiocarbonyl, alkoxyl, phosphate, phosphonato, phosphinato, cyano, amino 
(including alkyl amino, dialkylamino, arylamino, diarylamino, and alkylarylamino), 
acylamino (including alkylcarbonylamino, arylcarbonylamino, carbamoyl and ureido), 
amidino, imino, sulfhydryl, alkylthio, arylthio, thiocarboxylate, sulfate, sulfonate, 
sulfamoyl, sulfonamido, nitro, trifluoromethyl, cyano, azido, heterocyclyl, acalkyl, or 
an aromatic or heteroaromatic moiety. It will be understood by those skilled in the art 
that the moieties substituted on the hydrocarbon chain can themselves be substituted, 
if appropriate. Cycloalkyls can be further substituted, e.g, with the substituents 
described above. An "aralkyl" moiety is an alkyl substituted with an aryl, e.g, having 
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physical process, e.g., heating. The term coalesced is meant to be distinguished from 
a collection of individual particles in close physical proximity, e.g., in a bed 
formation, in which the end product comprises individual particles. 

The language "dense material" is intended to include hybrid materials, which 
upon view of an axial cross-section of the material's surface are comprised of the 
hybrid material and macropores with an average diameter of less than 0.5 um that 
separate the hybrid material. 

The terms "derivatized" or "derivatization" are intended to include to the 
property or characteristic of anchoring or coating an agent of alternate functionality 
onto a second material by conversion of the functionality of the receiving surface of 
the second material to the alternate functionality, e.g., by coating or chemical bonding, 
e.g., polymerization. 

The term "functionalizing group" includes organic groups which impart a 
certain chromatographic functionality to a chromatographic stationary phase, 
including, e.g., octadecyl (C lg ) or phenyl. Such functionalizing groups are present in, 
for example, surface modifiers such as disclosed herein which are attached to the base 
material, e.g., via derivatization or coating and later crosslinking, imparting the 
chemical character of the surface modifier to the base material. In one embodiment, 
such surface modifiers have the formula Z a (R')bSi-R, where Z = CI, Br, I, C, - C s 
alkoxy, dialkylamino or trifluoromethanesulfonate; a and b are each an integer from 0 
to 3 provided that a + b = 3; R' is a C, - C 6 straight, cyclic or branched alkyl group, 
and R is a functionalizing group. R' may be, e.g., methyl, ethyl, propyl, isopropyl, 
butyl, t-butyl, sec-butyl, pentyl, isopentyl, hexyl or cyclohexyl; preferably, R' is 
methyl. 

The functionalizing group R may include alkyl, alkenyl, alkynyl, aryl, cyano, 
amino, diol, nitro, ester, a cation or anion exchange group, embedded polar 
functionalities, or an alkyl or aryl group containing an embedded polar functionality. 
Examples of suitable R functionalizing groups include C r C 30 alkyl, including C,-C 20 , 
such as octyl (C 8 ), octadecyl (C 18 ), and triacontyl (C 30 ); alkaryl, e.g., C,-C 4 -phenyl; 
cyanoalkyl groups, e.g., cyanopropyl; diol groups, e.g., propyldiol; amino groups, e.g., 
aminopropyl; and alkyl or aryl groups with embedded polar functionalities, e.g., 
carbamate functionalities such as disclosed in U. S. Patent No. 5,374,755, the text of 
which is incorporated herein by reference. Such groups include those of the general 
formula 
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Za(R')b— Si — CH 2 — C (CH 2 ) n 



C-0-C-N-C~(CH 2 ) q -R3 
(CH 2 )m (CH 2 ) S 
H A 



(CH 2 )p 



H 



wherein 1, m, o, r, and s are 0 or 1 , n is 0, 1 , 2 or 3 p is 0, 1, 2, 3 or 4 and q is an 
integer from 0 to 19; R 3 is selected from the group consisting of hydrogen, alkyl, 
cyano and phenyl; and Z, R', a and b are defined as above. Preferably, the carbamate 
functionality has the general structure indicated below: 

? 

— O— C-N— R5 



wherein R 5 may be, e.g., cyanoalkyl, t-butyl, butyl, octyl, dodecyl, tetradecyl, 
octadecyl, or benzyl. Advantageously, R 5 is octyl, dodecyl, or octadecyl. 

The term "heterocyclic group" includes closed ring structures in which one or 
more of the atoms in the ring is an element other than carbon, for example, nitrogen, 
sulfur, or oxygen. Heterocyclic groups can be saturated or unsaturated and 
heterocyclic groups such as pyrrole and furan can have aromatic character. They 
include fused ring structures such as quinoline and isoquinoline. Other examples of 
heterocyclic groups include pyridine and purine. Heterocyclic groups can also be 
substituted at one or more constituent atoms with, for example, a halogen, a lower 
alkyl, a lower alkenyl, a lower alkoxy, a lower alkylthio, a lower alkylamino, a lower 
alkylcarboxyl, a nitro, a hydroxyl, -CF 3 , -CN, or the like. Suitable heteroaromatic and 
heteroalicyclic groups generally will have 1 to 3 separate or fused rings with 3 to 
about 8 members per ring and one or more N, O or S atoms, e.g. coumarinyl, 
quinolinyl, pyridyl, pyrazinyl, pyrimidyl, furyl, pyrrolyl, thienyl, thiazolyl, oxazolyl, 
imidazolyl, indolyl, benzofuranyl, benzo thiazolyl, tetrahydrofuranyl, 
tetrahydropyranyl, piperidinyl, morpholino and pyrrolidinyl. 

The term "hybrid", i.e., as used in the language "inorganic/organic hybrid 
material" or "inorganic/organic hybrid monolith" includes inorganic-based structures 
wherein an organic functionality is integral to both the internal or "skeletal" inorganic 
structure. The inorganic portion of the hybrid material may be selected from, but are 
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not limited to alumina, silica, titanium oxide, zirconium oxide, and ceramic material. 
In one embodiment the inorganic portion of the hybrid material is silica. 

The language 'MydrophUe-Lipophile Balance (HLB)," is art recognized and is 
intended to characterize the solubility of surfactants. The number provides a guide to 
the skilled artisan in deciding which surfactant to use in a given emulsion. Surfactants 
with an HLB number of <10 (or depending on your reference, 3-6) have an affinity for 
oil over water, and as a result water droplets tend to form in an oil phase. The 
converse is true for surfactants with HLB numbers >10 (or 8-13), which have an 
affinity for water over oil, and as a result oil droplets tend to form in a water phase. 
In certain embodiments the HLB number typically ranges from 0 to about 1 5, but can 
goashighas60. The HLB number may be derived by a variety of methods, providing 
a relative, rather than an exact value. 

The term "material" as it is used herein, is intended to include three- 
dimensional copolymers that have been formed in a single piece. In one embodiment, 
the material of the invention is prepared by casting precursors into a mold of a desired 
shape. Materials of the invention include, but are not limited to polymeric materials 
such as monoliths or non-monolith materials, e.g., particles, copolymers with low 
porosity, or porous copolymers that do not have interconnected pore structure. 

The term "macropore" is intended to include pores of a material, or channels 
through the material, which allow liquid to flow directly through the material with 
reduced resistance at chromatographically-useful flow rates. For example, 
macropores of the present invention are intended to include, but are not limited to 
pores with a pore diameter larger than about 0.05 pm, pores with a pore diameter 
ranging from about 0.1 um to about 10 urn, pores with a pore diameter ranging from 
about 0.5 um to about 5 um, and pores with a pore diameter ranging from about 0.8 
Mm to about 4 Mm. It should be understood that the selection of macropore size in the 
materials of the invention for use in chromatography may be analyzed based on, at 
least, column backpressure and efficiency. If the macropore size is too small, the 
column backpressure will become too great for chromatographic use, while if the 
macropore diameter is too large, the column will lose chromatographic efficiency. 

The language "minimally water soluble," is intended to include the ability of 
the compound to remain at least soluble enough to allow the intended reaction to 
move forward. In certain embodiments, the language "minimally soluble" is intended 
to include a range of solubility between sparingly soluble and fully soluble. It should 
be understood that the solubility includes solubility induced by using, for example, 
heat or additional reagents. In certain embodiments, 2,2'-azobis(isobutyronitrile) ' 
would be understood by one skilled the art to be minimally water soluble. 
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polymerizable group will have an affect on this solubility). For example, the starting 
silanes have hmited solubihty in water. As the SiOR bonds are hydrolyzed to SiOH, 
the SiOH monomer that forms is substantially soluble in water. 

The term "polymerization" refers to any process that results fiom the bonding 
or coupling of smaller molecules to form a larger molecule. One skilled in the art 
would recognize that the term "polymerization" is intended to include a range of 
different degrees of polymerization, i.e., ranging from a single reaction, e.g., two 
molecules reacting to form a dimer, to a plurality of reactions, e.g., a large number of 
molecules reacting to form a macromolecule. 

The language "scaffolding functionality" refers to functional moieties, such as 
organic functionalities, e.g., of organosilanes, that are capable of chemically 
interacting with a surface of a second material, e.g., a containment vessel, thus 
allowing the PSN material to anchor to the second material, and thereby become 
immobilized relative thereto. In certain embodiments of the invention, the functional 
moiety is a "polymerizable group" including, but not limited to vinyl, acrylate, 
methacrylate, e.g., 3-methacryloxypropyl, acrylamide, methacrylamide, styrene, e.g., 
styrylethyl, divinylbenzene, itaconate, fumarate, alkyne, and combinations thereof. 
The ordinarily skilled artisan would understand that the scaffolding functionality 
would be consumed during a polymerization reaction to varying extents depending on 
the reaction conditions chosen, and that the above listed functionalities are provided in 
their unreacted or monomelic state. 

The language "second material" is intended to include any second material 
with a surface capable of receiving the PSN material. 

The language "surface modifiers" is intended to include functionalizing groups 
that impart a certain chromatographic functionality to a chromatographic stationary 
phase. Surface modifiers such as disclosed herein are attached to the base material, 
e.g., via derivatization or coating and later crosslinking, imparting the chemical 
character of the surface modifier to the base material. 

The language "wall adhesion" refers to a property of a material, e.g., a PSN 
material, in which the material possesses sufficient chemical interaction between the 
material and a second material (e.g., the inside wall of a capillary column) such that 
the chemical interactions are retained upon subjection of the material to additional 
factors, e.g., during use of the material in chromatographic separations. In certain 
embodiments, the PSN material possesses sufficient wall adhesion so as to minimize 
or preclude flow paths between the PSN material and the second material, e.g., 
chromatographic column, where said flow paths would be deleterious to separation 
efficacy in the chromatographic column. 
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polymerization may be initiated by a radical initiator, including, but not limited to 
2,2'-azobis(isobutyronitrile), 2,2'-azobis(2-methyipropionamidine) dihydrochloride, 
4,4'-azobis(4-cyanovaleric acid), potassium persulfate, and peracetic acid. In 
addition, the radical initiator is at least minimally soluble, e.g., minimally water 
soluble. 

In certain embodiments, the present invention involves the interaction of 
silanol functionalities, e.g., chemical bonding between a silanol of second surface and 
a silanol of the PSN material (i.e., a glass capillary surface containing silanols that 
react with the Si-OH groups of a silica sol to form a bridging siloxane between a 
gelling monolith and the capillary wall). However, it should be understood that in 
certain embodiments where the chemical interaction is the interaction of silanol 
functionalities, this interaction is in combination with other chemical interaction(s), 
e.g., chemical bonding, through polymerization, e.g., forming an organic chemical 
bond. In certain other embodiments the chemical interaction is not the interaction of 
silanol functionalities. 

In another aspect, the invention provides a PSN that is a composite material 
prepared by the polymerization sol-gel reaction described herein below. For example, 
in one embodiment, the preparation of a PSN material comprises the steps of 

a) forming a sol-gel by the reaction of two or more monomers; 

b) initiating a polymerization reaction; and 

c) allowing the monomers to react through a polymerization sol-gel (PSG) 
reaction. 

In certain embodiments, the preparation of the PSN may further comprise the 
step of (d) modifying the pore structure of the material. The porous inorganic/organic 
hybrid materials of the invention may be used as prepared by the process noted above 
and further described in Section II below, without further modification. 

Alternatively, the hybrid materials of the invention may be further modified by 
one or more processing treatments, e.g., by: chemical processing treatment, such as 
derivatization of surface functionalities of the thus-prepared material; incorporating 
additives to the PSG reaction that affect die physical properties, e.g., porogens, such 
as surfactants or solvents, e.g., toluene; physical processing treatments, such as 
hydrothennal treatment; or a combination of several processing treatments. 

Chemical Processing 

A. Incorporation of Additives 



20 



WCZ-040-1 

In one embodiment, the pore structure of the materials of the invention, e.g., 
monolith materials, is modified by further including a surfactant or combination of 
different surfactants in the PSG reaction. In a specific embodiment, the surfactant or 
combination of surfactants includes at least one nonionic surfactant. Exemplary 
nonionic surfactants include but are not limited to surfactants comprised of block 
copolymers of polyethylene glycol and polypropyleneglycol, surfactants comprised of 
alkylphenoxypolyethoxyethanol, and polyethyleneglycol, e.g., Pluronic F38. In 
particular embodiments, the surfactant or combination of surfactants are selected from 
surfactants with a hydrophile-lipophile balance ranging from about 0 to 60, e.g., about 
10 to 50, e.^., about 20 to 40, e.g., about 30 to 40, e.g., about 33. 

The surfactants are believed to enhance the concentration of water and the 
acid/base catalyst on the surface of the material during the polymerization sol-gel 
reaction. Use of surfactants to modulate the surface structure of the material stabilizes 
the polymer material that is forming throughout the reaction, and minimizes or 
suppresses inhomogeneous morphology. 

B. Surface Modification 

The methods of preparation may further comprise surface modifying the 
materials of the invention, e.g., the monolith materials of the invention. The hybrid 
materials of the invention possess both organic groups and silanol groups, which may 
be additionally substituted or derivatized with a surface modifier. 

La one embodiment of the invention, surface organic groups of the porous 
inorganic/organic hybrid material are derivatized or modified in a subsequent step via 
formation of an organic covalent bond between the modifying reagent and organic 
groups of the material, wherein the material retains sufficient scaffolding functionality 
such that the material is able to interact with a second material. Alternatively, the 
surface silanol groups of the hybrid silica are derivatized into siloxane organic groups, 
such as by reacting with an organotrihalosilane, e.g, octadecyltrichlorosilane, or a 
halopolyorganosilane, e.g., octadecyldimethylchlorosilane. Alternatively, the surface 
organic and silanol groups of the hybrid silica are both derivatized. 

In a particular embodiment, the silanol groups are surface modified with 
compounds having the fomrala Z a (R%Si-R, where Z - CI, Br, I, C, - C 5 alkoxy, 
dialkylamino or trifluoromethanesulfonate; a and b are each an integer from 0 to 3 
provided that a + b = 3; R* is a C x - C 6 straight, cyclic or branched alkyl group, and R 
is a functionalizing group. R' may be, e.g, methyl, ethyl, propyl, isopropyl, butyl, t- 
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reagent, and optionally including coating with a polymer, also as is described 
above. 

27. Methods of Preparation 

In a related aspect, the invention provides a method of preparation of a hybrid 
inorganic/organic material comprising a polymerized scaffolding nanocomposite 
(PSN), comprising the steps of 

a) forming a sol-gel by the reaction of two or more monomers; 

b) initiating a polymerization reaction; and 

c) allowing the monomers to react through a polymerization sol-gel (PSG) 
reaction, 

thereby preparing the hybrid inorganic/organic monolith, wherein the monolith 
contains a scaffolding functionality capable of chemically interacting with a surface of 
a second material. In certain embodiments, the methods further comprise the step of 
(d) modifying the pore structure of the material. As described above, the resulting 
PSN material may be subsequently transferred to the second material, such as a 
secondary containment vessel, wherein chemical interactions, such as chemical 
bonding, e.g., covalent bonding, occur through further chemical processing, e.g. y 
addition of a crosslinking agent, photoinitiation of a radical polymerization reaction, 
or addition of a hydrosilylation catalyst for a hydrosilylation reaction. 

Alternatively, the invention provides a method for in situ preparation of a 
, hybrid inorganic/organic monolith in a chromatographic column, e.g 9 a capillary 
column, e.g., a fused-silica capillary column. The method comprises: 

forming an anchoring functionality on an interior surface of said 
chromatographic column; and 

forming inside said chromatographic column a hybrid 
inorganic/organic monolith comprising a polymerized scaffolding nanocomposite 
(PSN), wherein the nanocomposite contains a scaffolding functionality capable of 
chemically interacting with the anchoring functionality on said surface, said monolith 
being formed by: 

a) forming a sol-gel by the reaction of two or more monomers; 

b) initiating a polymerization reaction; and 

c) allowing the monomers to react through a polymerization sol-gel (PSG) 
reaction; 
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bond fonnanon through an interaction with a hybrid mono™, u ' 

of the inorganic phase e » „f «,„ k-U. m monomer, eg., by condensation 

materia, form, ...pJirS^^S^^*^ 
(3-methacryloxypropyl)trimethoxysilane wherein n,. « S^osnane, e^-, 

PO^h-egrtrapwrnLettntXtrL^^^^-* 6 

proceeds a, lowterapera^^! 7£^7 '""^oxysnane, and 
H^aiure ye.g. 9 a temperature ranging from about 0 °r Q k rt , * 
toon, temperature, eg. ahour 20-25 "Q and low pH ahl 2 « f 
mixtureoflowmdeeularweightohgomem. masuh^^ 
reachon ia uutiated.e.g., radically initial „ certain elhodn^^^TaZ 
nuhation occurs at an increased temperature <e e above m™,. ^ 
60-65 -Q. n,e „ ligomers a^fij^ „ ^T""* **' ab °'" 

(fln^^^T^reo^^pT 3 5^^^^^^^''*' 

1C and ID, re., polymerization to the second material ia not depicted n 
depletions of Hgme , are no, intended to hmit the scop e o^enhon " ^ 
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The PSG reaction is performed at temperature sufficient to achieve 
simultaneous polymerization and sol gel reactions, e.g, at 65 °C, and is performed for 
an amount of time sufficient to prepare the hyhrid inorganic/organic material, e g. the 
PSN material. In certain embodiments, the polymerization is initiated with a radical 
initiator, e.g., a radical initiator that is minimally water soluble, e.g., 2 2'- 
azobis(isobutyronitrile), 2^'-azo^bis(2-memylp rop ionanridme) dihydrochloride 4 4'- 
a2ob, S (4-cyanovalericacid),pota^ Incertain' ' 

embodiments of the invention, the sol-gel reaction occurs in the presence of urea. 

Devices 

The porous inorganic/organic hybrid materials of the current invention have a 
wide variety of end uses in the separation sciences, such as materials for 
chromatographic columns, thin layer chromatographic (TLC) plates, filtration 
membranes, microliter plates, scavenger supports, solid phase organic synthesis 
supports, CapUlary-LC columns, radial compression columns, trap columns 
microfluidic devices, microchips, sensors, electronic circuits, miniaturized solid phase 
extraction (SPE) devices and on-column frits, and the like, having a stationary phase 
that mcludes porous inorganic/organic hybrid materials, e^., monolith materials of 
the present invention. The stationary phase maybe introduced into the device by 
coating, impregnation, cladding, wrapping, or other art-recognized techniques 
consistent with the method of preparation of the present invention, etc., depending on 
the requirements of the particular device. 

Thus, in another aspect, the invention provides a separations device 
comprising 

a) a surface capable of accepting a monolith material comprising a 
polymerized scaffolding nanocomposite (PSN) material, said surface comprising an 
anchoring functionality and 

b) a hybrid morganic/organic monolith comprising a polymerized 
scaffolding nanocomposite (PSN), wherein the nanocomposite contains a scaffolding 
functionality capable of chemically interacting with the anchoring functionality on 
said surface, and wherein said hybrid organic/inorganic monolith is anchored to said 
surface by a chemical interaction between said scaffolding functionality and anchoring 
functionality. In certain embodiments, the devices in accordance with the invention 
include chromatographic columns, e.g., a glass lined steel column, capillary column 
thin layer plates, filtration membranes, sample cleanup devices, and microliter plates 



\ 
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In certain embedments of the separations device is a feed-inorganic capillary 

sihca, alunnna, zn-comum oxide, titanium oxide, ceramics, tin oxide, and 
combinations thereof. 

ta an particularly advantage embodiment, the invention provides a 
chmmategmphic eohunn, e. g ., a capfflary column, «*. a ftsed-silica eapfflary 
column, compnsmg y 

a) a chromatographic column having a cylindrical taterior stuWapable 
ef aeeepnng a monouth comprising . te ^ amM ^ 

matena!, sard tntenor surface comprising an anchoring functionality, and 

b) a h >* rid motganic/organic monolith comprising a polymerized 
lT^ g r n T P ° Site ^ Whereta 8,6 -—■I'"* contains a scaffohhng 

sadanface, and wherein said hybrid organic/morganie monolith is anchored I said 
^^"^^saMse^^^^^^ 

to^^^ents.thedeviceisaehroma.ogmphiccolumn.eg a 

Z^U T e ' 8 - ' WhOTta "» trace of 

^ptUary commn ,s derivatized with a po.ymerizaMe anchoring firactionanty. „ 

«>= invention me capillary commn has an inner diameter 0 D ) 
gmater man ahou, 50 pm, *g„ greater nran *o„, ,00 pm, ,g., greater than ahS 

7" ^tT^ *" ^ 200 ^ «*• ^ about 250 pm, e.g. greater than 

*ou, 500^^.,^^^, ..Oram,**, gteater man 2ut 2 nun^ 
^a-manal M nt3m m .Jhaparacmarlyadvan to ge„ usemb0(iiment;the *" 
chirographic device is a chromatographic eohmm, such as commonly used in 



Examples 



e™, i ra rT ttaV ^ mmyte ^" iIlM ^ b ^ efoll »wingnon-limi«„g 
materials, and their use. 



Materials 



All reagents were used as received unless otherwise noted. Those skilled in 
dte « wd r^nze that Qf ^ foUowing ^ - 

and as such the supply listed below are not to be construed as limiring 



27 



WCZ-040-1 



<&m*&&3ffi&£tm .OSS8H3 



Gelest Inc., Morrisville, PA: (3-MethaciyloxypropyI)trimethoxysilane (MAPTMOS) 
tetramethoxysilane (TMOS), and octadecyldimethyKdimethylainino)^!^; BASF ' 
Corp Mount Olive, NJ: Pluronic® F38; Sigma-Aldrich Chemical Co., Milwaukee 
WI: thiourea, acenaphthene, naphthalene, sodium hydroxide; DuPont, Wilmington 
DE, Vazo® 64 and Vazo® 44; J.T. Baker, Phillipsburgh, NJ: urea, methylene 
chloride, methanol, acetonitrile, acetone, toluene, pyridine, hydrochloride acid and 
glacial acetic acid. All solvents were HPLC grade. Water was used directly from a 
Milhpore Milli-Q (Millipc-re Corp., Bedford, MA). Fused silica capillary columns 
(Cat#FS-115,150^m^^^ 

fittings and unions (Cat #P-760) were from Upchurch Scientific (Oak Harbor WA) 
and from Polymicro Technologies, Phoenix, AZ (Cat # TSP 530660, 520 pan I D or 
equivalents). Compression screws were from Waters Corp. (Milford, MA ) 



EXAMPLE 1 



tt _. / *™ d Apparatus Model <33 ' ^ Syringe Pump(Harvard Apparatus Inc., 
Holhsuon, MA, or equivalent) and 10 mL Pharmaseal® syringe (American 
Pharmaseals Laboratory, Glendale, CA, or equivalent) were used in all capillary filling 
and purging steps. B 

A fused silica capillary column (ca. 2 m in length) was treated by the 
foUowmg five steps: (1) the column was purged with IN NaOH at a flow rate of 50 
uL/nun for at least 5 minutes, sealed via compression fittings and heated to 90 °C for 
17 hours; (2) the column was purged with IN HC1 water solution at a flow rate of 50 
uL/mm for at least 5 minutes; (3) the column was rinsed with water, acetone, and then 
toluene at a flow rate of 50 uL/min for 10 minutes each (total volume -500 uL >10 
times column volume); (4) the column was filled with a mixture of 0 5 mL (3 ' 
meAacryloxypropyl)trimethoxysilane / 0.5 mL pyridine/10 mL toluene at a flow rate 
of 50 uL/min for 5 minutes, sealed at both ends of the column and the column was 
then heated in a 90 <>C oven for 2 1 hours; and (5) the column was washed with 
toluene, acetone and water for 10 minutes each at a flow of 50 ul/min 

After surface derivation, sections of the 2 meter capillary are cut to make 
multiple, shorter capillary monoliths that may be used in further experiments 
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EXAMPLE 2 



Pluronic® F38 (Example 2a - 0.622 g, Example 2b - 0.596 g) and urea 
(Example 2a - 0.517 g, Example 2b - 0.515 g) were added to 5 mL of a 15 mM acetic 
acid solution at room temperature in a glass vial. The solutions were deoxygenated by 
nitrogen gas purging for at least 2 minutes before Vazo® 64 (1-2 mg) was added, and 

^^ 0lUti0nWaS C °° ledt0 °° a Jnase P arate ^vial ) a2mLsil' a nemixture 
(4/1 TMOSrMAPTMOS v/v) was prepared and then cooled to 0 Next, the silane 
mixture was added slowly to the acetfc acid solution. The combined solutions were 
stared at 0 °C for 1 h and then at room temperature (rt) for 1.75 h. 

The resulting solutions were delivered into two separate 50 um (LD.) x 40 mm 
(L) capillary columns that were surface treated as described in Example 1 with the 
exception that step (1) was run for 2 hours. The columns were then sealed at both 
ends with two compression screws and were heated at 45 °C in an oven for 1 8.5 h. 

Monolith morphology of the cross-sections of each column was observed by 
Scanning Electron Microscopy (SEM) (JEOL, Peabody, MA or equivalent) and 
showed the formation of monolith materials with a majority of macropores with 
diameters greater than 0.5 um and the absence of shrinkage away from the capillary 
wall. ' 3 



EXAMPLE 3 

As described in Example 2, Pluronic® F38 and urea were added to 5 mL of an 
acetic acid solution at room temperature. The solutions were deoxygenated by 
mtrogen gas purging for at least 2 minutes before Vazo® 64 was added The stirred 
solutions were cooled to 0 'C for a specific time, and 2 mL of a 0 °C silane mixture 
(4/1 TMOSrMAPTMOS v/v) was added slowly to the acetic acid solution The 
combined solutions were stared at 0 *C for a prescribed time and then at rt for an 
additional time period. 

The resulting solutions were delivered into separate 150 um (LD ) x 40 mm 
(L) capillary columns that had been surface treated as described in Example 1 The 
columns were then sealed at both ends with two compression screws and were heated 
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at 65 °C for a prescribed time and then at an elevated temperature (Example 3a,b 
120°C; Example 3c-j 105°C; Example 3k-o 1 10°C; Example 3p-t 125°C) for an 
additional time period. 

Monolith morphology of the cross-sections of each column was observed by 
SEM as described in Example 2. Depending on the reaction conditions, dense 
monolith materials (a majority of macropores with diameters less than 0.5 um) to non- 
dense monolith materials (a majority of macropores with diameters greater than 0.5 
Jim) were observed, and varying levels of wall adhesion were achieved. Specific 
amounts of reagents used to prepare these products and characterization data are listed 
in Table 1. 

Example 3k and 3t were cut to 20 cm lengths and the surfactant was removed 
from the monolith structure by prolonged methanol purging using an Eldex Micropro 
Syringe Pump (Eldex, Napa, CA, or equivalent). The column was purged with 
methanol for 5 days at a 1.0 uL/min flow rate, at which time no surfactant could be 
detected in the mobile phase as measured by FTIR spectroscopy (Polaris, 
ThermoMattson, Madison, WI, or equivalent). 



Surface Modification: 

After chromatographic evaluation as described in Example 9 (see Table 4), 
Example 3t was purged with methylene chloride at 1.0 uL/min for 16h and then 
purged with a solution of octadecyldimemyl(dimethylamino)silane in methylene 
chloride (1/4 v/v) at 1 ulVmin for 3 h. After surface modification, the column was 
purged with methylene chloride at 1 uL/min flow rate for 16 hours, which was then 
exchanged with acetonitrile by purging with greater that 3 column volumes. The 
resulting surface modified monolith is identified as Example 3u, which was in turn 
evaluated as described in Example 9 (see Table 4). 



EXAMPLE 4 



As described in Example 2, Pluronic® F38 and urea were added to 5 mL of an 
acetic acid solution at room temperature. The solutions were deoxygenated with N 2 
purge for at least 2 minutes before Vazo® 64 was added. The stirred solutions were 
cooled to 0 °C for a specific time, and 2 mL of a 0 "C silane mixture (4/1 
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TMOS:MAPTMOS v/v) was added slowly to the acetic acid solution. The combined 
solutions were stirred at rt for prescribed time. 

The resulting solutions were delivered into separate 150 urn (LD.) x 40 mm 
<L) capillary columns that were surface treated as described in Example 1 The 
columns were then sealed at both ends with two compression screws and were heated 
at 65 C for a prescribed time and then at an elevated temperature (4a-e 120°C; 4f-n 
1 1 0°C) for an additional time period. 

Monolith morphology on the cross-section of the column Was observed by 
SEM as described in Example 2. Depending on the reaction conditions, dense 
monohth materials (a majority of macropores with diameters less than 0.5 um) to non- 
dense monolith materials (a majority of macropores with diameters greater than 0 5 
um) were observed, and varying levels of wall adhesion were achieved Specific 
amounts of reagents used to prepare these products and characterization data are listed 
m Table 2. 
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HOAc Pluronic • Urea 
(mM) F38 ^ 
(g) 



Vazo 64 Time 0*C Time rt 
(mg) (min) (h) 



Time 
65'C 

(h) 



3a 


15 


0.715 


0.508 


5 


3b 


30 


0.708 


0.503 


5 


3c 


15 


0.709 


0.502 


5 


3d 


30 


0.698 


0.501 


5 


3e 


15 


0.797 


0.509 


3 


3f 


30 


0.793 


0.511 


3 


3g 


15 


0.695 


0.511 


5 


3h 


15 


0.793 


0.504 


5 


3i 


15 


0.593 


0.511 


4 


3j- 


15 


0.558 


0.496 


4 


3k 


30 


0.561 


0.502 


0.5 


31 


30 


0.595 


0.498 




3m 


30 


0.659 


0.496 




3n 


30 


0.703 


0.497 




3o 


30 


0.790 


0.496 




3p 


30 


0.560 


0.499 




3q 


30 


0.533 


0.508 


3 


3r 


30 


0.508 


0.508 


6 


3s 


30 


0.470 


0.513 


5 


3t 


30 


0.415 


0.501 


2 



Time 
elevated 
temp 

go 



Dense 
(Y/N) 



Wall 
Adhesion 
(Y/N) 



30 

30 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.0 

0 

0 

0 

0 

0 

0 

0 



60 

1 

3 
3 
3 
3 
3 
3 
4 
4 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 



15 
18 
17 
17 
17 
17 
17 
17 
5 
5 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 



8 

7 

5 

5 

5 

5 

5 

5 

72 

72 

18 

18 

18 

18 

18 

16 

16 

16 

16 

16 



Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
N 
N 
N 
Y 
Y 
Y 
Y 
N 
N 
N 
N 
N 



N 

Y 

Y 

N 

N 

N 

N 

N 

Y 

Y 

Y 

N 

N 

N 

N 

Y 

N 

Y 

N 

Y 
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Product HOAc Pluronic Urea 
(mM) F38 (g) 
(g) 



TABLE 2 

Vazo 64 Time rt 
(mg) (h) 



4a 


50 


0.605 


0.484 


4b 


50 


0.505 


0.512 


4c 


50 


0.401 


0.518 


4d 


50 


0.704 


0.500 


4e 


50 


0.358 


0.495 


4f 


50 


0.403 


0.502 


4g 


70 


0.418 


0.500 


4h 


100 


0.400 


0.492 


41 


50 


0.404 


0.493 


4j 


70 


0.419 


0.492 



1 

2 
2 
2 
3 



2 
2 
2 

2 

2 

2 

2 

2 

4 

4 



Time Time 
65 # C elevated 
(h) temp 



4 
4 
4 
4 
4 

20 

20 

20 

3 

3 



17 

17 

17 

17 

17 

8 

8 

8 

17 

17 



Dense 
(Y/N) 



N 

N 

N 

N 

N 

N 

N 

N 

N 

N 



Wall 
Adhesion 

(Y/N) 



Y 
Y 
Y 
N 
Y 
Y 

Y 

N 

N 

N 




o 
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EXAMPLES 

Pluronic® F38 (0.424 g) and 0.503 g urea were added to 5 mL of a 15 mM acetic 
acid solution at room temperature in a glass viaL The solutions were deoxygenated by 
nitrogen gas purging for at least 2 minutes before 3 mg of Vazo® 64 was added, and 
then the solution was cooled to 0 °C. In a separate glass vial, a 2 mL silane mixture (4/1 
TMOS:MAPTMOS v/v) was prepared and then cooled to 0 °C. Next, the silane mixture 
was added slowly to the acetic acid solution. The combined solutions were stirred at 0 
°C for 1 h and then at room temperature (rt) for 1 .75 h. 

The resulting solution was delivered into a fused silica capillary with a length of 
40 cm (Examples 5a-b) or 120 cm (Examples 5c-d), and an inner diameter of 150 Mm 
(Examples 5a-c) or 520 nm (Example 5d), which was pretreated as described in 
Example 1, at a flow rate of 50 jjL/min for 5-7 minutes. 

The column was then sealed at both ends using compression screws (Examples 
5a-b) or Upchurch P760 compression fittings and a single Upchurch P760 union 
(Examples 5c-d). The sealed column was held at room temperature for two hours after 
the mixed silanes were added to the acetic acid mixture. The column was then heated in 
a 65 °C oven for 2 hours, and transferred to a 125 °C oven and held overnight (20 
hours). 

The column was then slowly cooled to room temperature. The surfactant was 
removed from the structure by prolonged methanol purging using an Eldex Micropro 
Syringe Pump (Eldex, Napa, CA). The column was purged with methanol for 6 hours at 
a 0.5 pL/min flow rate, then for 20 hours at 1 uL /min flow rate. 

Monolith morphology on the cross-section of the column was observed by SEM 
as described in Example 2. Non-dense monolith materials (a majority of macropores 
with diameters greater than 0.5 urn) were observed, and wall adhesion was achieved. 



EXAMPLE 6 

The monolith surfaces of columns from Examples 5a-d were surface modified 
using the following procedure producing surface modified monoliths defined 
analogously as Examples 6a-d. 
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A 0.32 M solution of octadecyldimethylCdimethylainino)^^ was prepared in 
toluene or tetrahydrofuran. The column was purged with this solution using an Eldex 
Micropro Syringe Pump at a flow rate of 1 pL/min for several column volumes and then 
heated from 25 °C to 50-55 »C and maintained at 50-55 *C for 19 hours. The column 
was heated using a Hot Pocket column heater (Thermo Hypersil-Keystone, Bellefonte 
PA, or equivalent). Upon cooling, methanol was purged through the column at 1 pL/min 
flow rate for at least 5 hours at 35 °C. 



10 EXAMPLE 7 



A 1.0 mm LD. x 150 mm L borosilicate glass lined steel column (SGE Inc., 
Austin, TX, or equivalent) was surface treated as described in Example 1, with the 
exception that 6 mL aliquots of solvent was used in step (5). Pluronic® F38 (1.272 g) 
15 and urea (1.506 g) were weighed into a glass vial and dissolved into 15.0mLofa32 
mM acetic acid solution. The mixture was deoxygenated by nitrogen gas purging for 5 
mmutes before 9 mg of Vazo® 64 were added. The mixture was stirred for 5 minutes at 
room temperature, and then chilled to 0°C for 23 min. 



20 



25 



30 



Next, 6 mL of silane mixture (4/1 TMOSiMAPTMOS v/v) was slowly added 
into the above mixture at 0°C. After silane addition, the mixture was stirred at 0°C for 
1 .5 h. The resulting mixture was delivered into the glass lined steel column. The 
column was then sealed at both ends using two Waters stainless steel compression plugs 
The sealed column was held at room temperature for two hours after the mixed silanes 
were added to the acetic acid mixture. The column was heated in a 65 °C oven for 2 
hours, and then transferred to a 125 °C oven and held for 18 hours. The column was 
then slowly cooled to room temperature. 

The surfactant was removed from the monolith structure by prolonged methanol 
purging using a HPLC pump (Model 515, Waters Corp, or equivalent). After methanol 
purging the column end-fittings and frits were removed. Inspection of the monolith 
structure yielded no evidence of monolith shrinkage, as observed by optical microscope 
(Model C-P-S, Nikon, Tokyo, Japan, or equivalent). 
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EXAMPLE 8 



Solutions of surfactant, urea, and silane in acetic acid were made as described in 
Example 4, except Vazo® 44 was substituted for Vazo® 64. The resulting solutions 
were delivered into separate 150 urn I.D. x 40 mm L capillary columns that were surface 
treated as described in Example 1 . The columns were sealed, heated, and analyzed as 
described in Example 4, where the elevated temperature was 1 10 °C. The specific 
amounts of reagents used to prepare these products and the resulting characterization 
data are listed in Table 3. 



10 



EXAMPLE 9 



Pressure data on monolith columns were collected on non-surface modified and 
15 surface modified monoliths using the pressure transducer of an Eldex MicroPro Syringe 
Pump (Eldex, Napa, CA, or equivalent). An equivalent particle diameter (apparent 
particle size) was obtained based on the Kozeny-Carman equation. An interstitial 
porosity of 0.4 of the particle packed column that would give the same permeability as 
the monolith bed was assumed. Solvent viscosities of solvent mixtures were obtained 
20 based on the data of Colin et. al. [H. Colin, J. C. Diez-Masa, G. Guiochon, T. 

Czajkowska, L Miedziak, J. Chromatogr., 167 (1978) 41-65]. Solvent viscosities of neat 
solvents were obtained from Handbook of Chemistry and Physics on CD-ROM (version 
2002, Editor-in-chief D. R. Lide, Chapman & Hall/CRC). 

Results of the determination of the equivalent particle size are summarized in 
25 Table 4. 
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Product 



3t 

3u 

5b 

6b 

5c 

6c 

5d 

6d 



TABLE 4 

Equivalent Particle Size [um] in Selected Solvents 



Methanol 



21 



Methylene 
Chloride 



Acetonitrile 



4. 
3 



Acetonitrile- 

water 
55:45 (v/v) 



4 
3 



26 



Acetonitrile- 

water 
40:60 (v/y) 



17 



26 



EXAMPLE 10 



15 



20 



The following example demonstrates the porosity of the hybrid inorganic/organic 
« and mrraer characterises the material using ciren^gmpUc criteria, I . 
efficiency and tailing factor. * 

Experimental Conditions: 

(BId» K 6 TT" 61 " 31 data ™ a0quired USi ° 8 2,1 E,d « ™<™*° Syringe Pump 

Co. be Houston, IX. or equivalent) and a Watent 2487 Dual X absorbanee detector 
eourppad wur a 250 nL capiHary flow eefl (Waters Corp., or equivalent). Date 

acqntatflon artd determination of ehromategraphy parameters was performed using 
Mutauum 2 software ^ ^ or Aceton . ^ ^ I 

m 40/60 volume ratto. »ourea, naphmalene and aoenaphtttene w^ used as a^ytes 
The pump was operated at volumetric flow rates between 0.25 and 4.0 uL/nu'n 
Thtonrea, nvhthalene and acenaphtbene were dissolved in acetonitrile-water 55-45 (v/v) 
mntmre a, 20, .00 and 400 pgW respccrive, y . The injection v„,ume was 20 nL W 
detect™ was carted out at 254 nm. The experiments were performed at ambient 
temperature (24 "Q. ' "raoieni 
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Experimental Protocol: 

The columns were directly connected to the injector and to the inlet of capillary 
flow cell except 3u which was connected with 50 urn ID. fused silica capillaries. 
Results of chromatography evaluation are summarized in Table 5. Total porosity was 
5 calculated by dividing the elution volume of non-retained compound (thiourea) by the 
total column volume. 

i 

TABLES 



V-AJIUIIIII 

No. 


Flow 
Rate 
[nL/mi 

"1 


Test 
Solute 


Capacity 
Factor 


N/meter 
(nair wiatn) 


US5P 
Tailing 
Factor 


Total 
Porosity 


3u 


0.25 


( Naphthalene 


3.76 


12540 


1.27 


0.96 




0.5 


Naphthalene 


3.47 


11890 


1.40 






0.75 


Naphthalene 


338 


980 


1.42 






0.25 


Acenaphthene 


7.79 


17550 


1.21 






0.5 


Acenaphthene 


7.24 


14450 


132 






0.75 


Acenaphthene 


7.06 


12660 


133 




6b 


0.25 


Naphthalene 


435 


42123 


1.46 


0.97 




0.5 


Naphthalene 


4.69 


45205 


1.42 






0.75 


Naphthalene 


4.61 


41095 


1.36 






1.0 


Naphthalene 


4.62 


36986 


134 






0.25 


Acenaphthene 


9.88 


49315 


1.20 






05 


Acenaphthene 


10.18 


52053 


1.29 






0.75 


Acenaphthene 


9.88 


45204 


1.27 






1.0 


Acenaphthene 


9.91 


39041 


1.25 




6c 


0.25 


Naphthalene 


5.2 


40650 


1.24 


0.92 




0.5 


Naphthalene 


5.2 


48260 


1.28 




1:0 


Naphthalene 


4.9 


43700 


1.24 






ZO 


Naphthalene 


5.0 


30270 


1.17 






4.0 


Naphthalene 


5.2 


19207 


1.14 






0.25 


Acenaphthene 


11.44 


56267 


1.26 






0.5 


Acenaphthene 


11.4 


63878 


1.28 






1.0 


Acenaphthene 


11.0 


45397 


1.23 






2.0 


Acenaphthene 


11.0 


29550 


1.16 






4.0 


Acenaphthene 


11.4 


19593 


1.14 





\ 
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15 Incorporation By Reference 

The entire contents of all patents, published patent applications and other 
references cited herein are hereby expressly incorporated herein in their entireties by 
reference. 



20 Equivalents 

Those skilled in the art will recognize, or be able to ascertain using no more than 
routine experimentation, numerous equivalents to the specific procedures described 
herein. Such equivalents were considered to be within the scope of this invention and 
are covered by the following claims. The contents of all references, issued patents, and 
25 published patent applications cited throughout this application are hereby incorporated 
by reference. 
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What is claimed is: 

1 . A hybrid inorganic/organic material comprising a polymerized scaffolding 
nanocomposite (PSN), wherein the nanocomposite contains a scaffolding functionality 
capable of chemically interacting with a surface of a second material. 

la. The hybrid material of claim 1, wherein the second material is a containment 
vessel. 



laaaa. The hybrid material of claim 1, wherein the scaffolding functionality is selected 
10 from the group consisting of vinyl, acrylate, methacrylate, acrylamide, methacrylamide, 
styrene, divinylbenzene, itaconate, fumarate, alkyne, and combinations thereof. 

laaa. The hybrid material of claim 1, wherein the surface of the second material is 
derivatized with an anchoring functionality. 



15 



20 



laaab. The hybrid material of claim laaa, wherein the anchoring functionality is selected 
from the group consisting of vinyl, acrylate, methacrylate, acrylamide, methacrylamide, 
styrene, divinylbenzene, itaconate, fumarate, alkyne, azo compounds, and combinations 
thereof. 



1 aab. The hybrid material of claim laaa, wherein the scaffolding functionality and the 
anchoring functionality are copolymerizable. 



laa. The hybrid material of claim la, wherein the containment vessel is selected from 
the group consisting of a capillary column, a glass lined steel column, a radial 
compression column, a trap column, a microfluidic device, a microchip, a sensor, an 
electronic circuit, a miniaturized SPE device, and an on-column frit. 



1 ab. The hybrid material of claim 1 a, wherein the containment vessel is a fused silica 
30 capillary column. 
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lb. The hybrid material of claim 1, wherein the chemical interaction is formation of a 
covalent bond. 



lc. The hybrid material of claim lb, wherein the covalent bond is formed by 
5 polymerization. 



lea. The hybrid material of claim 1 c, wherein the polymerization is initiated with i 
radical initiator. 



10 Icb. The hybrid material of claim lea, wherein the radical initiator is minimally water 
soluble. 



Ice. The hybrid material of claim lea, wherein the initiator is selected mom the group 
consistmgof2^'-azobis(isobutyromtrile),2^'-azobis(2-memylpropiona^ 
15 dihydrochloride, 4,4'-azobis(4-cyanovaleric acid), potassium persulfate, and peracetic 
acid. 



2aa. The hybrid material of claim 1, wherein the inorganic portion of the hybrid 
material is a material selected from the group consisting of alumina, silica, titanium 
20 oxide, zirconium oxide, and ceramic material. 



2. The hybrid material of claim 1, wherein the inorganic portion of the hybrid 
material is silica. 



25 2a. The hybrid material of claim 1, wherein the PSN is the product of a reaction of 
an organosilane and an inorganic silane monomer. 



3. The hybrid material of claim 2a, wherein the PSN is the product of a reaction of a 
tetraalkoxysilane and an organosilane containing at least one polymerizable group. 

30 
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3aa - The h y fe rid material of claim 3, wherein said tetraalkoxysilane has the formula 
Si(OR') 4 , where R 1 is a C, - C 3 alkyl moiety. 



3ab. The hybrid material of claim 3, wherein said organosilane is an 
organoalkoxysilane having the formula R 2 Si(OR')3 or R 6 [Si(OR')3] m where R 2 is a 
styryl, vinyl, an acrylate, methacrylate, acrylamide, methacrylamide, divinylbenzene, 
itaconate, fomarate, substituted or unsubstituted C, - C 18 alkenylene, alkynylene or 
arylene, or a combination thereof; R ! is a C, - C 4 alkyl moiety, R 6 is a substituted or 
unsubstituted C, - C 18 alkenylene, alkynylene or arylene moiety bridging two or more 
silicon atoms; and m is an integer greater than or equal to two. 



3ac. The hybrid material of claim 3ab wherein R 2 is vinyl, methacryloxypropyl, 
methacrylamidepropyl, or styrylethyl and R 1 is methyl or ethyl; or R 6 is a bridging N,N- 
bis(propylene) acrylamide group, m = 2, and R 1 is ethyl or methyl. 



3a. The hybrid material of claim 3, wherein the organosilane is minimally water 
soluble. 



3b. The hybrid material of claim 3 wherein said tetraalkoxysilane is selected fiom the 
group consisting of tetramethoxysilane and tetraethoxysilane. 



4. The hybrid material of claim 3, wherein the tetraalkoxysilane is 
tetramethoxysilane. 



4a. The hybrid material of claim 3, wherein the polymerizable group is 3- 
methacryloxypropyl. 



4b. The hybrid material of claim 3, wherein the polymerizable group is styrylethyl. 



5. The hybrid material of claim 3, wherein the tetraalkbxysilane is minimally water 
soluble. 
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5a. The hybrid material of claim 3, wherein the organosilane is (3- 
methacryloxypropyl)trimethoxysilane. 

14. The hybrid material of claim 1, wherein said pore structure of said hybrid 
material is modified by further including a surfactant or combination of different 
surfactants in said reaction, and by subjecting said material to hydrothermal treatment. 

15. The hybrid material of claim 14, wherein said surfactant or combination of 
surfactants are nonionic surfactants. 



16. The hybrid material of claim 15, wherein the surfactants are selected from the 
group-consisting of surfactants comprised of block copolymers of polyethylene glycol 
and polypropyleneglycol, surfactants comprised of alkylphenoxypolyethoxyethanol, and 
polyethyleneglycol. 



16a. 



The hybrid material of claim 15, wherein the surfactant is Pluronic F38, 



16b. The hybrid material of claim aim 14, wherein said surfactant or combination of 
surfactants are selected from surfactants with a hydrophile-lipophile balance ranging 
20 from about 0 to 60. 



25 



16c. The hybrid material of claim 14, wherein said surfactant or combination of 
surfactants are selected from surfactants with a hydrophile-lipophile balance ranging 
from about 10 to 50. 

16d. The hybrid material of claim 14, wherein said surfactant or combination of 
surfactants are selected from surfactants with a hydrophile-lipophile balance ranging 
from about 20 to 40. 



30 16e. The hybrid material of claim 14, wherein said surfactant or combination of 
surfactants are selected from surfactants with a hydrophile-lipophile balance ranging 
from about 30 to 40. 5 
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16f. The hybrid material of claim 14, wherein said surfactant or combination of 
surfactants are selected from surfactants with a hydrophile-lipophile balance is about 33. 

5 16g. The hybrid material of claim 1, wherein said material has been surface modified 
by a surface modifier selected from the group consisting of an organic group surface 
modifier, a silanol group surface modifier, a polymeric coating surface modifier, and 
combinations thereof. 

10 16h. The hybrid material of claim 16g, wherein said material has been surface 
modified by a polymeric coating surface modifier. 

16i. The hybrid material of claim 16g, wherein said material has been surface 
modified by a combination of an organic group surface modifier and a silanol group 
15 surface modifier. 



16j. The hybrid material of claim 16g, wherein said material have been surface 
modified by a combination of an organic group surface modifier and a polymeric coating 
surface modifier. 



20 



16k. The hybrid material of claim 16g, wherein said material has been surface 
modified by a combination of a silanol group surface modifier and a polymeric coating 
surface modifier. 



25 161. The hybrid material of claim 16g, wherein said material has been surface 

modified by a combination of an organic group surface modifier, a silanol group surface 
modifier, and a polymeric coating surface modifier. 



16m. The hybrid material of claim 16g, wherein said material has been surface 
30 modified by a silanol group surface modifier. 
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1 6n. The hybrid material of claim 1 6g, wherein said material has been surface 
modified via formation of an organic covalent bond between an organic group of the 
material and a surface modifier. 



17. The hybrid material of claim 16g, wherein the surface modifier has the formula 
Z a (R') b Si-R, where.Z = CI, Br, I, C, - C 5 alkoxy, dialkylamino or 
trifluoromethanesulfonate; a and b are each an integer from 0 to 3 provided that a + b = 
3; R' is a d - C 6 straight, cyclic or branched alkyl group, and R is a functionalizing 
group. 



18. The hybrid material of claim 1 7 wherein R' is selected from the group consisting 
of methyl, ethyl, propyl, isopropyl, butyl, t-butyl, sec-butyl, pentyl, isopentyl, hexyl and 
cyclohexyl. 



1 9. The hybrid material of claim 1 7 wherein said functionalizing group R is a Ci 
C 30 alkyl group. 



20. The hybrid material of claim 1 7 wherein said functionalizing group R is a Ci 
C 20 alkyl group. 



21. The hybrid material of claim 1 7 wherein said surface modifier is selected from 
the group consisting of octyltrichlorosilane, octadecyltrichlorosilane, octadecyldimethyl- 
N, N-dimethylaminosilane, octyldimethylchlorosilane, and 
octadecyldimethylchlorosilane. 



22. The hybrid material of claim 1 7, wherein said surface modifier is 
octadecyldimethyl-N, N-dimethylaminosilane. 



23 . The hybrid material of claim 1 7, wherein said functionalizing group R is selected 
from the group consisting of alkyl, alkenyl, alkynyl, aryl, cyano, amino, diol, nitro, ester, 
a cation or anion exchange group, or an alkyl or aryl group containing an embedded 
polar functionality. 
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24. A hybrid inorganic/organic monolith comprising a polymerized scaffolding 
nanocomposite (PSN), wherein the nanocomposite contains a scaffolding functionality 
capable of chemically interacting with a surface of a second material. 



24a The hybrid inorganic/organic monolith of claim 24, wherein the monolith i 
capillary monolith. 



25. The hybrid inorganic/organic monolith of claim 24a, wherein the monolith has 
improved properties selected from the group consisting of enhanced wall adhesion and 
increased resistance to shrinkage. 



26. The hybrid inorganic/organic monolith of claim 25, wherein the enhanced wall 
adhesion is the result of chemical interaction between the scaffolding functionality of the 
polymer and the anchoring functionality of the wall of the containment vessel. 

33a. The hybrid inorganic/organic monolith of claim 24, wherein the second material 
is a containment vessel. 



33b. The hybrid inorganic/organic monolith of claim 24, wherein the scaffolding 
functionality is selected from the group consisting of vinyl, acrylate, methacrylate, 
acrylamide, methacrylamide, styrene, divinylbenzene, itaconate, fumarate, alkyne'and 
combinations thereof. 



33c. The hybrid inorganic/organic monolith of claim 24, wherein the surface of the 
second material is derivatized with an anchoring functionality. 



33d. The hybrid inorganic/organic monolith of claim 33c, wherein the anchoring 
functionality is selected from the group consisting of vinyl, acrylate, methacrylate, 
acrylamide, methacrylamide, styrene, divinylbenzene, itaconate, mmarate, alkyne, a 
compounds, and combinations thereof. 
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33e. The hybrid inorganic/organic monolith of claim 33c, wherein the scaffolding 
functionality and the anchoring functionality are copolymerizable. 

33f. The hybrid morganic/organic monolith of claim 33a, wherein the containment 
vessel is selected from the group consisting of a capillary column, a glass lined steel 
column, a radial compression' column, a trap column, a microfluidic device, a microchip, 
a sensor, a electronic circuit, a miniaturized SPE device, and an on-column frit 

33g. The hybrid inorganic/organic monolith of claim 33a, wherein the containment 
vessel is a fused silica capillary column. 

33h. The hybrid inorganic/organic monolith of claim 24, wherein the chemical 
interaction is formation of a covalent bond. 

33i. The hybrid inorganic/organic monolith of claim 33h, wherein the covalent bond 
is formed by polymerization. 



33j. The hybrid inorganic/organic monolith of claim 33i, wherein the polymerization 
is initiated with a radical initiator. • 



33k. The hybrid inorganic/organic monolith of claim 33j, wherein the radical initiator 
is minimally water soluble. 

331. The hybrid inorganic/organic monolith of claim 33j, wherein the initiator is 
selected from the group consisting of 2,2 , -azobis(isobutyronitrile), 2,2'-azobis(2- 
methylpropionamidine) dihydrochloride, 4,4 > -azobis(4-cyanovaleric acid), potassium 
persulfate, and peracetic acid. 

33m. The hybrid inorganic/organic monolith of claim 24, wherein the inorganic 
portion of the hybrid material is a material selected from the group consisting of 
alumina, silica, titanium oxide, zirconium oxide, and ceramic material. 
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33n. The hybrid inorganic/organic monolith of claim 24, wherein the inorganic 
portion of the hybrid material is silica. & 



33o. The hybrid inorganic/organic monolith of claim 24, wherein the PSN is the 
product of a reaction of an organosilane and an inorganic silane monomer. 



33p. The hybrid inorganic/organic monolith of claim 33o, wherein the PSN is the 
product of a reaction of a tetraalkoxysilane and an organosilane containing at least one 
polymenzable group 



10 



33q. The hybrid morgamc/organic monoUth of claim 33p, wherein said 
tetraalkoxysilane has the formula SiCOR 1 ),, where R» is a C, - C 3 alkyl moiety. 

33r. The hybrid inorganic/organic monolith of claim 33p,wherein said organosilane 
,s an organoalkoxysilane having the formula R 2 Si(OR') 3 or R 6 [Si(OR') 3 ] m where R 2 is a 
styryl, vinyl, an acrylate, methacrylate, acrylamide, methacrylamide, divinylbenzene 
itaconate, fumarate, substituted or unsubstituted C, - C 18 alkenylene, alkynylene or ' 

TT'Z a ;r binati ° n ^ " a Cl " * alkyI moiet ^ R6 is * substituted or 

20 T* 5 ""** C ' - C " ataylene ' or arylene moiety bridging two or more 

20 Simeon atoms; and mis an integer greater than or equal to two. 

33s. The hybrid inorganic/organic monolith of claim 33r wherein R 2 is vinyl 
methacryloxypropyl, methacrylamidepropyl, or styrylethyl and R« is methyl or ethyl- or 
R is a bridging N^-bis(propylene)acrylamide group, m = 2, and R 1 is ethyl or methyl. 

33 t. The hybrid inorganic/organic monolith of claim 33 P , wherein the organosilane is 
minimally water soluble. 



25 



30 



33u. The hybrid inorganic/organic monolith of claim 33p, wherein said 
tetraalkoxysilane is selected from the group consisting of tetramethoxysilane and 
tetraethoxysilane. 
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til' J"" ^ iDOrganic/o ^ anic mo ^ of claim 33p, wherein the 
tetraalkoxysilane is tetramethoxysilane. 

5 Z JSS^ 



^ Pis ^r r8 " ic " 



10 il y ' i-orgamc/orgamc monolith of claim 33p, wherein the 

tetraalkoxysilane is minimally water soluble. 

33 2 . The hybrid inorganic/organic monolith of claim 33p, wherein the organosilane is 
(3-memacryloxypropyl)trimethoxysilane. organosilane is 



15 



ILa in0rganic/01 Sam c eolith of claim 24, wherein saidpore structure 

ofsaxdhybndmonohth is modified by «^lndod h ,. 1 p ritowfl L - ^ 
d^entsurfacta^tsmsaidre^ 



20 



35a. The hybrid inorganic/organic monolith of claim 35, wherein said surfactant or 
combmation of surfactants are nonionic surfactants. 

25 s'elLd from^ m °» olith of — 35, wherein the surfactants are 

^ , k CODS1Shng ° f SUrfaCtantS COm P rise ° of block copolymers of 

polyethylene grycol and polypropyleneglycol, surfactants comprised of 

alkylphenoxypolyethoxyethanol, and polyethyleneglycol. 
30 | Pllnic^S^ iD0IBaniC/0r8aniC m0nolith ° f Cla - 35a, wherein the surfactant is 
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10 



f 

35d. The hybrid inorganic/organic monolith of claim 35, wherein said surfactant or 
combination of surfactants are selected from surfactants with a hydrophUe-lipophile 
balance ranging from about 0 to 60. 

35e. The hybrid inorganic/organic monolith of claim 35, wherein said surfactant or 
combmation of surfactants are selected from surfactants with a hydrophile-lipophile 
balance ranging from about 1 0 to 50. 

35f. The hybrid inorganic/organic monolith of claim 35, wherein said surfactant or 
combination of surfactants are selected from surfactants with a hydrophile-lipophile 
balance ranging from about 20 to 40. 



35g. The hybrid inorganic/organic monolith of claim 35, wherein said surfactant or 
combmation of surfactants are selected from surfactants with a hydrophile-lipophile 
15 balance ranging from about 30 to 40. 



35h. The hybrid inorganic/organic monolith of claim 35, wherein said surfactant or 
combmation of surfactants are selected from surfactants with a hydrophile-lipophile 
balance is about 33. 



20 



25 



30 



35,. The hybrid inorganic/organic monolith of claim 24, wherein said material has 
been surface modified by a surface modifier selected from the group consisting of an 
organic group surface modifier, a silanol group surface modifier, a polymeric coating 
surface modifier, and combinations thereof. 



35j. The hybrid inorganic/organic monolith of claim 35i, wherein said material has 
been surface modified by a polymeric coating surface modifier. 

35k. The hybrid inorganic/organic monolith of claim 35i, wherein said material has 
been surface modified by a combination of an organic group surface modifier and a 
silanol group surface modifier. 
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10 



15 



351. The hybrid inorganic/organic monolith of claim 35i, wherein said material have 
been surfece modified by a combination of an organic group surfece modifier and a 
polymeric coating surfece modifier. 

35m The hybrid inorganic/organic monolith of claim 35i, wherein said material has 
been surfece modified by a combination of a silanol group surfece modifier and a 
polymeric coating surface modifier. 

35n The hybrid inorganic/organic monolith of claim 35i, wherein said material has 
been surface modified by a combination of an organic group surface modifier, a silanol 
group surface modifier, and a polymeric coating surfece modifier. 

35o. The hybrid inorganic/organic monolith of claim 35i, wherein said material has 
been surface modified by a silanol group surface modifier. 

35p. The hybrid inorganic/organic monolith of claim 35i, wherein said material has 
been surface modified via formation of an organic covalent bond between an organic 
group of the material and a surface modifier. 



20 35q. The hybrid inorganic/organic monolith of claim 3 5i, wherein the surface modifier 
has the formula Z a (R>) b Si-R, where Z = CI, Br, I, C, - C 5 alkoxy, dialkylamino or 
tnfluoromethanesulfonate; a and b are each an integer from 0 to 3 provided that a + b = 
3; R' is a C, - C 6 straight, cyclic or branched alkyl group, and R is a functionalizing 
group. 

25 

36. The hybrid inorganic/organic monolith of claim 35q wherein R' is selected from 
the group consisting of methyl, ethyl, propyl, isopropyl, butyl, t-butyl, sec-butyl, pentyl 
isopentyl, hexyl and cyclohexyl. 

D 

30 36a. The hybrid inorganic/organic monolith of claim 35q wherein said Wtionalizing 
group R is a C, - C 30 alkyl group. 
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36b. The hybrid inorganic/organic monolith of claim 35q wherein said functionalizing 
group R is a Ci ~ C 2 o alkyl group. 

37. The hybrid inorganic/organic monolith of claim 35q wherein said surface 
5 modifier is selected from the group consisting of octyltrichiorosilane, 

octadecyltrichlorosilane, octadecyldimethyi-N, N-dimethylaminosilane, 
octyldimethylchlorosilane, and octadecyldimethylchlorosilane. 

37a. The hybrid inorganic/organic monolith of claim 35q, wherein said surface 
10 modifier is octadecyldimethyl-N, N-dimethylaminosilane. 

37b. The hybrid inorganic/organic monolith of claim 35q, wherein said 
functionalizing group R is selected from the group consisting of alkyl, alkenyl, alkynyl, 
aryl, cyano, amino, diol, nitro, ester, a cation or anion exchange group, or an alkyl or aryl 
15 group containing an embedded polar functionality. 

38. A method of preparation of a hybrid inorganic/organic monolith comprising a 
polymerized scaffolding nanocomposite (PSN), wherein the nanocomposite contains a 
scaffolding functionality capable of chemically interacting with a surface of a second 

20 material, said method comprising the steps of 

a) forming a sol-gel by the reaction of two or more monomers; 

b) initiating a polymerization reaction; and 

c) allowing the monomers to react through a polymerization sol-gel (PSG) 
reaction, 

25 thereby preparing the hybrid inorganic/organic monolith. 

38aa. A method of preparation of a hybrid inorganic/organic monolith comprising a 
polymerized scaffolding nanocomposite (PSN), wherein the nanocomposite contains a 
scaffolding functionality capable of chemically interacting with a surface of a second 
30 material, said method comprising the steps of 

a) forming a sol-gel by the reaction of two or more monomers; 

b) initiating a polymerization reaction; 
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c) allowing the monomers to react through a polymerization sol-gel (PSG) 
reaction; and 

d) modifying the pore structure of the material, 
thereby preparing the hybrid inorganic/organic monolith. 

5 

38ab. The method of claim 38 or 38aa, wherein the sol-gel reaction is acid catalyzed. 
38aba. The method of claim 38ab, wherein the acid is acetic acid. 

10 38abb. The method of claim 38 and 38aa, wherein the sol-gel reaction is performed at a 
temperature ranging from about 0 °C to about room temperature. 

38abc. The method of claim 38abb, wherein the sol-gel reaction is performed at a 
temperature of about 0 °C. 



15 



38abd. The method of claim 38abb, wherein the sol-gel reaction is performed at room 
temperature. 



38abe^The method of claim 38 and 38aa, wherein the sol-gel reaction is performed at 
20 low pH. 



38abf The method of claim 38abe, wherein the sol-gel reaction is performed at about 



25 38ac. The method of claim 38 or 38aa, wherein the sol-gel reaction occurs in the 
presence of urea. 



38ad. The method of claim 38 or 38aa, wherein the polymerization is initiated with a 
radical initiator. 

30 
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38ada. The method of claim 38ad, wherein, the polymerization is initiated with a radical 
initiator at increased temperature. 



38adb. The method of claim 38ada, wherein the increased temperature is above room 
5 temperature. 



38adc. The method of claim 38adb, wherein the increased temperature is about 



60-65°C. 



38ae. The method of claim 3 Sad, wherein the radical initiator is minimally water 
10 soluble. 



38ef. The method of claim 38ad, wherein the initiator is selected from the group 
consistmg of 2,2'.azobis(isobutyronitrile), 2^'-azobis(2-memyIpro P ionamidine) 
dmydrochloride, 4,4'-azobis(4-cyanovaleric acid), potassium persulfate, and peracetic 
lo acid. 



38ag. The method of claim 38 and 38aa, wherein the PSG reaction is performed at 
temperature sufficient to achieve simultaneous polymerization and sol gel reactions. 

20 38ah. The method of claim 38ag, wherein the PSG reaction is performed at 65 °C. 

38ai. The method of claim 38ag, wherein the PSG reaction is performed for an amount 
of tune sufficient to prepare the hybrid inorganic/organic monolith. 

25 38ajb The method of claim 38 or 38aa, wherein the second material is a containment 
vessel with a surface capable of receiving the PSN material. 

38ajc. The method of claim 38 or 38aa, wherein the surface of the second material is a 
denvatized with an anchoring functionality. 

30 
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38ajd. The method of claim 38ajc, wherein the scaffolding functionality and the 
anchoring functionality are copolymerizable. 



38aje. The method of claim 38ajb, where the containment vessel is selected from the 
5 group consisting of a capillary column, a glass lined steel column, a radial compression 
column, a trap column, a microfluidic device, a microchip, a sensor, an electronic circuit, 
a nnrnaturized SPE device, and an on-column frit. 



10 



38ak. The method of claim 38aje, wherein the containment vessel is a capillary column. 

38aka. The method of claim 38ak, where the containment vessel is a fused silica 
capillary column. 



38akb. The method of claim 38aja, wherem me chemical interaction is formation of a 
lo covalent bond. 



38akc. The method of claim 38akb, wherein the covalent bond is formed by 
copolymerizatiorL 



20 38a. The method of claim 38 or 38aa, wherein the PSN is the product of a reaction of 
an organosilane and an inorganic silane monomer. 



38b. The method of claim 38a, wherein the PSN is the product of a reaction of a 
tetraalkoxysilane and an organosilane containing at least one polymerizable group. 



25 



30 



38c. The method of claim 38b, wherein said tetraalkoxysilane has the formula 
Si(OR ) 4 , where R 1 is a C, - C 3 alkyl moiety. 

38d. The method of claim 38b, wherein said organosilane is an organoalkoxysilane 

havmg the formula R 2 Si(OR') 3 or R^SiCOR 1 ),! where R 2 a <=t^,i • . , 

v J3 } 3i m wnere K is a styryl, vinyl, an acrylate, 

methacrylate, acrylamide, methacrylamide, divinylbenzene, itaconate fumarate 
substituted or unsubstituted C, - C 18 alkenylene, alkynylene or arylene, or a combination 
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thereof; R» is a C, - C 4 alkyl moiety; R* is a substituted or unsubstituted Cl - C 18 
alkenylene, alkynylene or arylene moiety bridging two or more silicon atoms; and m is 
an integer greater than or equal to two. 



5 38e. The method of claim 38d wherein R 2 is vinyl, methacryloxypropyl 

methacrylamidepropyl,or styrylethyl and R» is methyl or ethyl; or R 6 is a bridging N N- 
bis(propylene)acrylamide group, m = 2, and R 1 is ethyl or methyl. 



10 



38f. The method of claim 38a, wherein the organosilane is minimally water soluble. 

38g. The method of claim 38b wherein said tetraalkoxysilane is selected from the 
group consisting of tetramethoxysilane and tetraethoxysilane. 



38h. The method of claim 38b, wherein the tetraalkoxysilane is tetramethoxysilane 

15 

38i. The method of claim 38b, wherein the polymerizable group is 3- 
methacryloxypropyl. 



20 



38j. The method of claim 38b, wherein the polymerizable group is styrylethyl. 

38k. The method of claim 38b, wherein the tetraalkoxysilane is minimally water 
soluble. 



39. The method of claim 38b, wherein the organosilane is (3- 
25 memacryloxvpropyl)trimethoxysilane. 



40. The method of claim 38a, wherein the organosilane is (3- 
memacryloxypropyl)trimethoxysilane and the inorganic silane monomer is 
tetramethoxysilane. 

30 
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and the tetramethoxysilane are present in a volume to volume ratio of 1 to 4. 
5 LClE^ 3 '"^" rt ^^~^ 



° ett ° d . ° f ^ 42> ^ m ° a ° m has "*ce modified by a 

sur&ce modzfier se.ee.ed from me group consisting of an organio group surfaeo 



25 



44- The method of claim 43, wherein said material has been surface modified by a 
polymeric coating surface modifier. y 



eombmation of an orgamo group surface modifier and a silanol group smface modifier, 
clbi "f 0 " ° f Claim 43> ^ ma,erial hare »— «■*• modified by a 



46. The method of elaim 43, wherein said material has been surfaee modified bv a 
combmahon of a silano, group surfaee modifier and a polymeric coating^ " ' 



eombmation of an org**, gmup surfaee modifier, a ailanol gmup surface momfier L 
apolymenccoatingsurftcemodifier. momfler, and 

o 

30 2Ll raem T 0fCto43 '^^ SaM ^' ltab ^^'>^bya 
silanol group surface modifier. y 
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49. The method of claim 43, wherein said material has been surface modified via 
formation of an organic covalent bond between an organic group of the material and a 
surface modifier. 

5 50 " Eth0d ° f Cl3im 38 ° r 38a Wherem said P° re ^ture of said monolith is 
modified by further including a surfactant or combination of different surfactants in said 
reaction, and by subjecting said monolith to hydrothermal treatment 

51. The method of claim 50 wherein said surfactant or combination of surfactants are 
10 nonionic surfactants. 



su^factanT ° f ^ 50 wherein Said monoli * is modified by further including a 

i 

15 53. The method of claim 51, wherein the surfactants are selected from the group 
coasting of surfactants comprised of block copolymers of polyethylene glycol and 
po lypropyleneglycol, surfactants comprised of alkylphenoxypolyethoxyethanol, and 
polyethyleneglycoL 



20 54. The method of claim 51, wherein the surfactant is PluronicF38, 

55 The method of claim 50 wherein said surfactant or combination of surfactants are 
selected from surfactants with a hydrophile-lipophile balance ranging from about 0 to 60. 

25 56. The method of claim 50 wherein said surfactant or combination of surfactants are 
selected from surfactants with a hydrophile-lipophile balance ranging from about 10 to 



*n 5? ,* ^ eme *° dOfCl * m50wh ^ 

30 selected from surfactants with a hydrophile-lipophile balance ranging from about 20 to 
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10 



58 The method of claim 50 wherein said surfactant or combination of surfactants . 
selected mom surfactants with a hydrophile-lipophile balance ranging from about 30 to 



are 



5 59. The method of claim 50 wherein said surfactant or combination of surfactants 
selected from surfactants with a hydrophile-lipophile balance is about 33. 



60. The method of claim 50, wherein the hydrothermal treatment 



are 



. , comprises 

subjecting the material to a temperature of 60-200 °C. 



61. The method of claim 50, wherein the hydrothermal treatment comprises 
subjecting the material to a temperature of 65-125 °C. 



15 



62. The method of claim 61, wherein the temperature is 120 °C. 

64. The method of claim 52, wherein the pore structure is modified by hydrothermal 
treatment comprising further condensation of the siloxane network formed during the 
PSG reaction, and dissolution and redeposition of silicic acid silicates from and to the 
surface of the pore structure. 



20 



65. The method of claim 64, wherein the condensation is base catalyzed. 

66. The method of claim 65, wherein the base is ammonia. 

25 67. The method of claim 66, wherein the ammonia is generated by high temperature 
decomposition of urea. 

68 The method of claim 42, wherein the surface modification step includes surface 
modifying said monolith with a surface modifier having the formula Z a (R%Si-R, where 
Z CI, Br, I, C, - C 5 alkoxy, dialkylamino or trifluoromethanesulfonate; a and b ie each 
a* i integer from 0 to 3 provided that a + b = 3; R' is a C, - C 6 straight, cyclic or branched 
alkyl group, and R is a fimctionalizing group. 

-59- 
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69. The method of claim 68 wherein R' is selected from the group consisting of 
methyl, ethyl, propyl, isopropyl, butyl, t-butyl, sec-butyl, pentyl, isopentyi, hexyl and 
cyclohexyl. 



70. The method of claim 68 wherein said functionalizing group R is a C, - C 30 alky] 
group. 



71. The method of claim 68 wherein said functionalizing group R is a C, - Q, 0 alkyl 
10 group. 



72. The memod of claim 69 wherem said 
group. 

! / 

15 73. The method of claim 69 wherein said surface modifier is selected from the group 
consisting of octyltrichlorosilane, octadecyltrichlorosilane, octyldimethylchlorosilane 
octadecyldimemyl-N,N-dimethylaminosilane, and octadecyldimethylchlorosilane. 

74. The method of claim 73 wherein said surface modifier is octadecyldimethyl-N,N- 
20 dimethylaminosilane. 



75. The method of claim 69, wherein said functionalizing group R is selected from 
the group consisting of alkyl, alkenyl, alkynyl, aryl, cyano, amino, diol, nitro, ester, a 
cation or anion exchange group, or an alkyl or aryl group containing an embedded polar 
25 functionality. 



76. The method of claim 42a wherein any free silanol groups remaining from said 
surface modification procedure are endcapped. 



30 77. A 



separations device comprising 
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a) a surface capable of accepting a monolith material comprising a 
polymerized scaffolding nanocomposite (PSN) material, said surface comprising an 
anchoring functionality and 

b) a hybrid inorganic/organic monolith comprising a polymerized 
scaffolding nanocomposite (PSN), wherein the nanocomposite contains a scaffolding 
functionality capable of chemically interacting with the anchoring functionality on said 
surface, and wherein said hybrid organic/inorganic monolith is anchored to said surface 
by a chemical interaction between said scaffolding functionality and anchoring 
functionality. 



78. The separations device of claim 77, wherein said device is selected from the 
group consisting of chromatographic columns, thin layer plates, filtration membranes, 
sample cleanup devices, and microtiter plates. 



15 79 



The separations device of claim 77, wherein said device is a chromatographic 
column. 



80. The separations device of claim 79, wherein the chromatographic column has an 
inner diameter (ID.) greater than 50 um. 

20 81. The separations device of claim 79, wherein the chromatographic colurrm has an 
ID. greater than of 100 um. 



82. The separations device of claim 79, wherein the chromatographic column has an 
I.D. greater than of 150 um. 



25 



83. The separations device of claim 79, wherein the chromatographic column has an 
I.D. greater than of 200 um. 



84. The separations device of claim 79, wherein the chromatographic column has an 
30 I.D. greater than of 250 um. 



85. The separations device of claim 79, wherein said device is a capillary column. 
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86. The separations deviceof claim 79, whereto said device is a fused-toorganic 
caprllary column^ whereto the inorganic portion is selected Son, «he gmupZ^Lf 



87. The separations device of claim 77, whereto the monolith has improved 

10 

resnlt of chemtcal mteractton hetween me scaffolding ihncnonaJiry of the polymer and 
the anchonng itactionauty of the waU of the containment vessel. 

15 89. A fused-silica capillary column, comprising 

canahlA n fused-silica capillary column having a cylindrical interior surface 
(PSN) matenm, satd mtenor surface comprising an anchoring functionality, and 

70 acflj 0 ahyWdbOT8imi<:/<,r » nicmonolitI ''»"iPri»ingapolymerized 

mn^ S rT POSite ^ " *" «T a scaffolding 

surface, and wherem satd hyhnd otgamc/morganic monolith is anchored to said surface 
^^^^^^^^ — 



25 



90. The mad-silica capilhuy column of claim 89, wherein the capillary column has 



an 



inner diameter (ID.) greater than 50 pan. 



30 -UX^^^^-*^ — *-«^---»- 



-62- 



Attorney Docket No. WCZ-040-1 



92. The fused-silica capiUaiy column of claim 89, wherein the capillary column has 
an I.D. greater than of 150 pjn. 



93. The fused-silica capillary column of claim 89, wherein the capillary column has 
5 an I.D. greater than of 200 pm. 



94. The fused-silica capillary column of claim 89, wherein the capillary column has 
an I.D. greater man of 250 pm. 



10 95. The fused-silica capillary column of claim 89, wherein the scaffolding 
functionality is selected from the group consisting of vinyl, acrylate, methacrylate 
- acrylamide, methacrylamide, styrene, divinylbenzene, itaconate, fumarate, alkyne,' and 
combinations thereof. 



15 96. The fused-sihca capillary column of claim 89, wherein the anchoring 

functionality is selected from the group consisting of vinyl, acrylate, methacrylate 
acrylamide, methacrylamide, styrene, divinylbenzene, itaconate, fumarate, alkyne,' azo 
compounds, and combinations thereof. 



20 97. The fused-sihca capillary column of claim 89, wherein the scaffolding 
functionality and the anchoring functionality are copolymerizable. 



98. The fused-silica capillary column of claim 89, wherein the chemical interaction is 
formation of a covalent bond. 



25 



99. The fused-sihca capillary column of claim 98, wherein the covalent bond is 
formed by polymerization. 



100. The fused-sihca capillary column of claim 99, wherein the polymerization is 
>0 initiated with a radical initiator. 
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101. The fosed-silica capillary column of claim 100, wherein the radical initiator is 
minimally water soluble. 

102. The fused-silica capillary column of claim 101, wherein the initiator is selected 
from the group consisting of 2,2'-azobis(isobutyromtrile), 2,2'-azobis(2- 
methy^ropior^midine) dftydrochloride, 4,4'-azobis(4^yanovaleric acid), potassium 
persulfate, and peracetic acid. 



10 th° 3 H fbS6d " SiliCa Capmaiy ° f Claim 89 « wherem *e inorganic portion of 

10 foe hybnd material is a material selected from the group consisting of alumina, silica, 
titanium oxide, zirconium oxide, and ceramic material. 

Tu fUSed " SiliCa Capmaiy C ° 1Umn ° f Claim 89 > wherein inorganic portion of 

foe hybnd material is silica. ' F 

15 

105. The fused-silica capillary column of claim 89, wherein the PSN is the product of 
a reaction of an organosilane and an inorganic silane monomer. 

106. The fosed-silica capillary column of claim 105, wherein the PSN is the product 

20 ofareachonofateh^oxysilaneandanorganosnanecontainmga^ 
polymerizable group. 

nl'th T ^tf " CaPiUaiy C ? 1Unm ° f Cl3im 106 ' Wh6rein said tetraalkoxysilane 
has the formula Si(OR l ) 4 , where R« is a C, - C 3 alkyl moiety. 



25 



30 



orLJf , r C ^ Uaiy C ° 1Umn 2 ° f Claim 1 ° 6 ' Wherei * said organosilane is an 
organoalkoxysilane having the formula R 2 Si(OR') 3 or R^OR^] m where r2 is a 

SSTf " 7* T meth3CiyIate ' -ethacrylamide, divinylbenzene, 

itaconate, fomarate, substituted or unsubstituted C, - C 18 alkenylene, alkynylene or 
arylene or a combination thereof; R> isaC,- C 4 alkyl moiety; R* is a substituted or 
~^edC 1;; C 18 alkenylene, alkynylene or arylene moiety bridging two or more 
sihcon atoms; and m is an integer greater than or equal to two. 
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109. 



The fused-silica capillary column of claim 134n, wherein R 2 is vinyl 
methacryloxypropyl, methacrylamidepropyl, or styrylethyl and R« is me thyl 'or ethyl- or 
18 a ted ^ N ^(P">Pylene)acrylamide group, m = 2, and R« is ethyl or methyl. 

1 10. The fused-silica capillary column of claim 106, wherein the organosilane is 
minimally water soluble. 



10 selLJ^ 6 "* mUy C ° IUnm ° f ^ 106 ' WhCTein Said ^traalkoxysilane is 

10 selected from the group consisting of tetramethoxysilane and tetraethoxysila 



lane. 



"wZr* ifa ^ rataofc * io4 "' e,ei ° ,hepoi ^ ibie8ra » 



20 



lw ma r """^ C °" Um ° f ^ 106 ' WhCTei " «» '^oxysflane is 

minimally water soluble. 



1ML T ^& S ed-sihcacapillarycolunmofclaiml06,wheremmeorg^^^^ 
^ niemaciyloxypropyl)trimethoxysilane. 



117. 



Thefused-silica capillary column of claim 89, wherein said pore structure of said ' 
hybndmonolimismomnedbyfurmermcludin^ 

surfactants m said reaction, and by subjecting said monolith to hydrothermal treatment 

30 
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1 18. The fused-silica capillary column of claim 1 17, wherein said surfactant or 
combination of surfactants are nonionic surfactants. 



119. The fused-silica capillary column of claim 1 18, wherein the surfactants are 
5 selected from the group consisting of surfactants comprised of block copolymers of 

polyethylene glycol and polypropyleneglycol, surfactants comprised of 
alkylphenoxypolyethoxyethanol, and polyethyleneglycol. 

120. The fused-silica capillary column of claim 1 18, wherein the surfactant is 
10 Pmronic F38, 



121. The fused-silica capillary column of claim aim 1 17, wherein said surfactant or 
combination of surfactants are selected from surfactants with a hydrophile-lipophile 
balance ranging from about 0 to 60. 

15 

122. The fused-silica capillary column of claim 117, wherein said surfactant or 
combination of surfactants are selected from surfactants with a hydrophile-lipophile 
balance ranging from about 1 0 to 50. 

20 123. The fused-silica capillary column of claim 1 17, wherein said surfactant or 
combination of surfactants are selected from surfactants with a hydrophile-lipophile 
balance ranging from about 20 to 40. 



25 



124. The fused-silica capillary column of claim 1 17, wherein said surfactant or 
combination of surfactants are selected from surfactants with a hydrophile-lipophile 
balance ranging from about 30 to 40. 



0 

125. The fused-silica capillary column of claim 117, wherein said surfactant or 
combination of surfactants are selected from surfactants with a hydrophile-lipophile 
30 balance is about 33. 
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126. The fiKed-silica capWary column of claim 89, wherein said monolith has been 
surface momned hy a surface modifier selected from the group cocsianog of ~c 

Z7n , ^' ' Silan °' ^ -*- ' coing^T 

modifier, and combinations thereof. 

5 

127. The^-^ cacapilla ^ coluimofcla . m 126, wherein said material has been 
surface modified by a polymeric coating surface modifier. 

128. ™ e ^-^cacapiUarycol^^ 

130. The itoed-ailica capillary colnmn of claim 126, wherein said material haa been 

20 

l!! fa J h ^Z d f [Ca CaPUlaiy C ° ,Umn ° f Clahn 126 > whe -« said material has been 
^^^-mbination of an organic ^up surface modifier, a silanol^up 
surface modifier, and a polymeric coating surface modifier. P 

25 132. The tused-silica capillary column of claim 126, wherein said material has been 
surface modified by a silanol group surface modifier. 

133. The fused-silicacapillarycolumnof claim 126, wherein said material has been 
30 the material and a surface modifier. organic group of 
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134. 



The fosed-sihca capillary column of claim 126, wherein the surface modifier has 
^ formula Z^Si-R, where Z = CI, Br, I, C, - C 5 allcoxy, diaKylamino oT 

5 groV 6 OT ^ ^ ^ R iS 3 ^^alizing 



135. The feed-silica capillary column of claim 134, wherein R' is selected from the 
group „g of methyl, ethyl, propyl, i SO propyl, butyl, t-butyl, sec-buJl peZ 
isopentyl,hexylandcyclohexyL P ^' 



10 



15 



se toed too, the group existing of oeWWcblorosilane, ooadeoyltriohlo^ibne 

20 ° C ™ m t y '" N ' N ^*~ ™, oCyidtoe^ch.oLane, Z 
20 octadecyldimethylchlorosilane. 

139. The fused-silica capillary column of claim 134, wherein said surface modifier is 
octadecyldimethyl-N, N-dimethylaminosilane. 

25 ™ p^^^^^^^^^^^wherem 

ammo, du>l, mtro, ester, a cation or anion exchange group, or an alkyl or *y " 
containmg an embedded polar functionality. P 

fused-silica capillary column, said method comprising: 
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column; and 



forming an anchoring functionality on an interior surface of said capillary 



forming inside said capillary column a hybrid inorganic/organic monolith 
compnsmg a polymerized scaffolding nanocomposite (PSN), wherein the 
nanocomposite contains a scaffolding functionality capable of chemically interacting 
wrth the anchoring functionality on said surface, said monolith being formed by: 

a) forming a sol-gel by the reaction of two or more monomers; 

b) initiating a polymerization reaction; and 

c) allowing the monomers to react through a polymerization sol-gel (PSG) 

inn- ° v ' 



10 reaction; 



whereby sard scaffolding functionality and said anchoring functionality chemically 
interact to thereby anchor said monolith to said surface, such that a hybrid 
morgamc/organic monolith is prepared in situ in the fosed-silica capillary column. 



20 



15 142. Amemodof^^prepamtionofahybridmorganic/organic 
fused-srhca capillary column, said method comprising: 

column; and " ^^^^^ ™ interior surface of said capillary 

forming inside said capillary column a hybrid inorganic/organic monolith 
compnsmgapolymerized scaffolding nanocomposite (PSN), wherein the 

ZTT C ° D l ainS 8 SCaff ° ldin8 ^-^^ofchemicaUy interacting 
wrth the anchonng functronality on said surface, said monolith being formed by: 

a) forming a sol-gel by the reaction of two or more monomers; 

b) initiating a polymerization reaction; 

c) allowing the monomers to react through a polymerization sol-gel (PSG) 
reaction; and v J 

d) modifying the pore structure of the monolith, 

whereby said scaffolding functionality and said anchoring functionality chemically 
interact to thereby anchor said monolith to said surface, such that a hybrid- 
morgamc/organic monolith is prepared /„ situ in the fused-silica capillar/column 



25 



30 
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143. An inorganic/organic hybrid monolith comprising a scaffolding functionality 
capable of chemically interacting with a surface of a second material, produced by the 
process of 

a) forming a sol-gel by the reaction of two or more monomers; 
5 b) initiating a polymerization reaction; and 

c) allowing the monomers to react through a polymerization sol-gel (PSG) 
reaction. 

144. An inorganic/organic hybrid monolith comprising a scaffolding functionality 
10 capable of chemically interacting with a surface of a second material, produced by the 
process of 

a) forming a sol-gel by the reaction of two or more monomers; 

b) initiating a polymerization reaction; 

c) allowing the monomers to react through a polymerization sol-gel (PSG) 
15 reaction; and 

d) modifying the pore structure of the monolith. 

145. A method of preparation of a hybrid inorganic/organic material comprising a 
polymerized scaffolding nanocomposite OPSN), comprising the steps of 
20 a) forming a sol-gel by the reaction of two or more monomers; 

b) initiating a polymerization reaction; and 

c) allowing the monomers to react through a polymerization sol-gel (PSG) 
reaction, 

thereby preparing the hybrid inorganic/organic material, wherein the material contains a 
25 scaffoldmg functionality capable of chemically interacting with a surface of a second 
material. 



146. A method of preparation of a hybrid inorganic/organic material comprising a 
polymerized scaffolding nanocomposite (PSN), comprising the steps of 
30 a) forming a sol-gel by the reaction of two or more monomers; 

b) initiating a polymerization reaction; 
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c) allowing the monomers to react through a polymerization sol-gel (PSG) 
reaction; and ' 

d) modifying the pore structure of the material, 

thereby preparing the hybrid inorganic/organic material, wherein the nanocomposite 
5 contains a scaffolding functionality capable of chemically interacting with a surface of a 
second material. 
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ABSTRACT OF THE DISCLOSURE 

and senfT T erialS Chr0mat08raPhiC Separations > * for their preparation 

«d eparafcon dev,ces containing the chromatographic material, In particular, hybrid 
morgamc/orgamc monolith materials comprising a polymerized scaffolding 
nanocomposite (PSN), wherein the nanocomposite contains a scaffolding functionality 

££ZT 8am r aferiaIS W 1 Wal1 - ~d resistance 

motm^lT " edt ° Pri0r ^ m0n0 ^— s ^m,proved 

monohths enable the preparation of capillary columns with an internal diameter (I D ) 



) 



<7 
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Schematic Description of Monoliths Made by Polymerization Sol-Gel Reactions. 
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